Isolation and characterization of cDNA clones for chicken major histocompatibility complex class II molecules by Sung, Aree Moon
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1989
Isolation and characterization of cDNA clones for
chicken major histocompatibility complex class II
molecules
Aree Moon Sung
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Biochemistry Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Sung, Aree Moon, "Isolation and characterization of cDNA clones for chicken major histocompatibility complex class II molecules "
(1989). Retrospective Theses and Dissertations. 9089.
https://lib.dr.iastate.edu/rtd/9089
INFORMATION TO USERS 
The most advanced technology has been used to photo­
graph and reproduce this manuscript from the microfilm 
master. UMI films the text directly from the original or 
copy submitted. Thus, some thesis and dissertation copies 
are in typewriter face, while others may be from any type 
of computer printer. 
The quality of this reproduction is dependent upon the 
quality of the copy submitted. Broken or indistinct print, 
colored or poor quality illustrations and photographs, 
print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these 
will be noted. Also, if unauthorized copyright material 
had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are re­
produced by sectioning the original, beginning at the 
upper left-hand comer and continuing from left to right in 
equal sections with small overlaps. Each original is also 
photographed in one exposure and is included in reduced 
form at the back of the book. These are also available as 
one exposure on a standard 35mm slide or as a 17" x 23" 
black and white photographic print for an additional 
charge. 
Photographs included in the original manuscript have 
been reproduced xerographically in this copy. Higher 
quality 6" x 9" black and white photographic prints are 
available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly 
to order. 
University Microfilms International 
A Bell & Howell information Company 
300 North Zeeb Road, Ann Arbor, tVII 48106-1346 USA 
313/761-4700 800/521-0600 

Order Number 9003570 
Isolation and characterization of cDNA clones for chicken msgor 
histocompatibility complex class n molecules 
Sung, Aree Moon, Ph.D. 
Iowa State University, 1989 
U M I  
SOON.ZeebRd. 
Ann Aibor, MI 48106 

Isolation and characterization of cDNA clones 
for chicken major histocompatibility complex class H molecules 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Biochemistry and Biophysics 
Major: Molecular, Cellular, and Developmental Biology 
by 
Aree Moon Sung 
Approved: 
In Charge of Major Work 
For the Major Department 
For the Graduate College 
Iowa State University 
Ames, Iowa 
1989 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
1 INTRODUCTION 
1.1 The Origin of the MHC 
1.2 MHC Proteins 
1.3 MHC Genes 
1.4 MHC Restriction 
1.5 The Chicken MHC 
1.6 Genetic Structure of the Chicken MHC 
1.7 Function of the Chicken MHC 
1.7.1 MHC restriction of cell-cell interactions in the chicken 
1.7.2 Chicken MHC and virus infections 
1.7.3 Chicken MHC and immune responses 
1.7.4 Chicken MHC and autoimmune diseases 
1.7.5 Chicken MHC antigens in differentiation 
1.7.6 Chicken MHC and reproduction 
1.8 Chicken MHC Antigens 
1.8.1 B-F antigens 
1.8.2 B-L antigens 
1 
1 
2 
6 
8 
11 
13 
16 
16 
17 
18 
19 
20 
20 
21 
21 
22 
1.8.3 B-G antigens 24 
1.9 Chicken MHC Genes 25 
1.10 Specific Goals 26 
2 MATERIALS AND METHODS 28 
2.1 Animals 28 
2.2 Chicken Class n Probes 28 
2.3 Preparation of RNA 29 
2.4 Isolation of Poly(A)^ RNA 31 
2.5 Northern Blot Analysis 32 
2.6 cDNA Synthesis 34 
2.7 Analysis of cDNA Synthesis Products 35 
2.8 Construction of the cDNA Libraries 36 
2.9 Screening the cDNA Libraries 40 
2.10 Southern Blot Analysis of cDNA with the p400 Probe 41 
2.11 Isolation of cDNA from the AgtlO Vector and Restriction Map­
ping 42 
2.12 Subcloning of cDNA into the pBS M13 + Vector 43 
2.13 Plasmid Mini-prep 45 
2.14 Single-stranded DNA Preparation 46 
2.15 Sequencing 47 
3 RESULTS 49 
3.1 Poly(A)"*" RNA Isolation 49 
3.2 Tissue-specific Transcription of B-LÛ Genes 52 
3.3 Analysis of the cDNA Synthesis 55 
iv 
3.4 Screening the Spleen and liver cDNA libraries 55 
3.5 DNA Isolation from A Phage Plate Lysates 62 
3.6 Hybridization of the Transmembrane Probe to cDNA Clones 62 
3.7 Restriction Mapping of the cDNA Clones 63 
3.8 Nucleotide Sequence Determination of cDNAs Encoding the 
B-LÛ Chain 107 
3.9 Comparison of the B-L Û Chain Sequences from the B^ Chicken 119 
3.10 Comparison of Class n 0-chain Amino Acid Sequences 124 
4 DISCUSSION 134 
4.1 Comparison of the B-L Û Genes from the B^ Chicken 134 
4.2 Tissue-specific Expression of B-L fi Molecules 140 
4.3 The B^ and the B^ Birds 144 
4.4 Comparison of Class n 6 Chain Sequences 145 
5 BIBLIOGRAPHY 152 
6 ACKNOWLEDGEMENTS 170 
7 APPENDIX AMINO ACID SYMBOLS AND THEIR GENETIC 
CODONS 171 
1 
1 INTRODUCTION 
1.1 The Origin of the MHC 
The major histocompatibility complex (MHC) was first recognized when 
the genes were mapped that are responsible for acute tissue or tumor graft rejec­
tion between members of a species. This self/nonself recognition system was 
first identified in mice because of the existence of inbred (genetically identical) 
and congenic (genetically identical but for a single chromosomal region) strains 
of mice. By the grafting of tumors or skin among such mice and following rejec­
tion or acceptance of the graft, it was possible to map the rejection of nonself to 
a region on chromosome 17, which was then denoted the major histocompatibil­
ity complex (Gorer, 1938; Gorer et al., 1948). The first two words major and his­
tocompatibility in this name refer to the important role that this genetic region 
appears to play in allograft rejection. The third term, complex, refers to the fact 
that the MHC consists of numerous loci closely linked to each other. 
The MHC was recently defined by Klein (1986) as a group of genes cod­
ing for molecules that provide the context for the recognition of foreign antigens 
by T lymphocytes. This chromosomal region contains a large number of genes 
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whose products play particularly important roles in a number of cellular proc­
esses of the immune qrstem. Control of certain complement components by 
genes within or closely linked to this chromosomal region has also been ob­
served. Therefore, an understanding of the MHC, its genetics, and the structure 
and function of its products is of central importance to the study of modern im­
munology. The following are some of the well-known major immunological func­
tions that have been associated with the MHC in more than one species (Paul, 
1984): 
' Vigorous rejection of tissue grafts 
' Stimulation of antibody production 
" Stimulation of the mixed lymphocyte reaction (MLR) 
• Graft-versus-host reactions (GVH) 
• Cell-mediated lympholysis (CML) 
' Immune response (Ir) genes 
• Restriction of immune responses 
1.2 MHC Proteins 
Alloantisera specific for gene products of the MHC of the mouse (the H-
2 complex on chromosome 17) and man (the HLA complex on chromosome 6) 
have permitted the identification of three classes or families of molecules de-
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noted I, n, and in. The genetic maps of the H-2 complex and the HLA complex 
are shown in Figure 1.1. 
Class I genes encode cell-surface molecules termed transplantation anti­
gens which mediate the graft rejection assay initially used to define the MHC. 
The class I molecules expressed by all nucleated cells function as targets for cy­
totoxic T lympho<ytes (Klein et al., 1981). The class I antigens are composed of 
44 kilodalton (kd) transmembrane glycoproteins noncovalently associated with 
the 12 kd protein, Gg-niicroglobulin, which is encoded on murine chromosome 2 
and human chromosome 15. The 44 kd protein is called the class I a chain which 
has 337-348 amino acids. The a chain can be divided into three functional re­
gions; extracellular (external), transmembrane, and cytoplasmic regions. The ex­
tracellular region can be further divided into three domains, a 1, a2, and a3, as 
shown in Figure 1.2. 
Class n genes encode cell-surface molecules that control the magnitude 
of the immune responses to different antigens. The class H molecules are only 
expressed by a few cell types in most species: B cells, cells of the myeloid lin­
eage, activated T cells, and interferon-?- stimulated epithelial cells. They serve 
as restricting elements for the recognition of antigens by helper T cells (Klein et 
al.y 1981). The class II antigens, which are highly polymorphic, are composed of 
two transmembrane glycoproteins of 33-34 kd (a chain) and 28-29 kd (8 chain), 
both encoded on murine chromosome 17 and human chromosome 6. The two 
chains, a and 6, are joined on the cell surface by noncovalent bonds (Figure 1.2). 
The total length of the a chains varies from 229 to 233 amino acid residues; that 
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Figure 1.1 Genetic maps of the MHC in mouse and man. Genetic distances 
are indicated in centimorgan (cM). (Modified from Hood et al., 
1983; Stephan et ai, 1986; Auffray and Strominger, 1986; Kappes 
and Strominger, 1988) 
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of the Û chains from 225 (or, possibly, 219) to 238 (or, possibly, 242) amino acid 
residues (Klein, 1986). Both the a and fi chains consist of an extracellular region, 
a transmembrane region, and a cytoplasmic region. The extracellular region con­
sists of two domains, a 1 or fil and al or fi2, as shown in Figure 1.2. Class III 
genes encode several components of the activation stages of the complement 
cascade (Alper, 1980). 
13 MHC Genes 
The shortest known MHC gene is less than 3,000 bp long; the longest is 
more than 12,000 bp long (Klein, 1986). The total length of coding sequences 
(exons) of a class I gene is about 1,100 bp and that of a class n gene approxi­
mately 800 bp. The rest of the MHC gene is taken up by noncoding sequences 
which contain important elements necessary for the function of the genes. 
The organization of the different class I genes in the animal species stud­
ied so far is remarkably similar. Each gene is divided into eight exons (leader 
peptide, a 1, a2, a3, transmembrane, and three cytoplasmic domains) which are 
separated by seven introns. The exon-intron organization of mouse and human 
class 1 genes is shown in Figure 1.3. The fi2-niicroglobulin gene consists of four 
exons and three introns, with most of the coding sequence present in one exon. 
Malissen and co-workers (1982) demonstrated that the HLA region contained at 
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Figure 1.3 The exon-intron organization of class I and class II genes. The 
is representative of a class II0 chain, the Ea^ of a class II a chain, 
and of a class I transplantation antigen heavy chain. Solid areas 
encode exons for coding sequences, crossed areas show the por­
tions encoding the signal peptides, and hatched boxes represent 
the 3' untranslated sequences. S, TM, CY, and 3'UT denote signal 
peptide, transmembrane sequence, cytoplasmic sequence, and 3' 
untranslated region, respectively (from Malissen et ai, 1983) 
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least 17 class 1 genes. In the H-2^ haplotype of the mouse, 26 class I genes have 
been identified (Weiss et al., 1984), and in the H-2'^  haplotype, 36 class 1 genes 
were found (Steinmetz et al., 1982). 
Although the basic plan of the individual class n genes (both a and Û) is 
the same, there is some variation in the exon-intron organization at the 3' end of 
the genes (see Figure 1.3). All genes have separate exons coding for the leader 
peptide and for the two extracellular domains. But some genes (e.g., HLA-
DQ3e2) have the rest of the coding sequence contained in one exon, so that they 
have only four exons and three introns. Other genes have five exons (e.g., HLA-
DQfil) or six exons (e.g., HLA-DP82). The class H region of the HLA complex 
contains at least 13 loci (six a and seven 6) arranged into four subclasses; DP, 
DQ, DR, and DZ (Klein, 1986). The mouse MHC class 11 loci fall into two sub­
classes, A and E. There are four A and three E, two a and five Û genes described 
so far (Mengle-Gaw and McDevitt, 1985). The order of the genes is: A63, AB2, 
ABl, Act, Efil, Efi2, and Edt. 
1.4 MHC Restriction 
Although the histocompatibility antigens were originally discovered more 
than 50 years ago as the cell surface proteins that trigger the rejection of trans­
planted tissue by the recipient's immune system, immunologists only learned in 
the 1970s that the MHC proteins play an essential role in all inmiune responses 
involving T lymphocytes. Until recently the molecular nature of that role was ob­
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scure, particularly with regard to the phenomenon called histocompatibility re­
striction. Restriction means that for a T cell to be activated, its receptor has to 
recognize a foreign antigen in the context of a particular histocompatibility pro­
tein, usually the same one carried by the T cell itself (Doherty et al., 1976; Zink-
emagel and Doherty, 1979). 
Whether a T cell receptor detects the foreign antigen and histocompati­
bility molecule separately or whether it recognizes them as a single combined 
entity has triggered a great deal of debate. The three-dimensional structure of 
the human class I histocompatibility antigen described by Bjorkman et al. (1987a, 
b) leaves little doubt that the latter is the case. 
The X-ray ciystallographic analysis of the human class I histocompatibil­
ity antigen (Bjorkman et al., 1987a) revealed that the fi2-niicroglobulin and the 
0(3 domain were associated with one another, next to the membrane. The a 1 and 
a 2 domains sit atop them. These two domains, which are known to be the most 
polymorphic in the class I molecule (Klein, 1986), form a platform of eight an-
tiparallel fi-strands topped by «-helices (Figure 1.4). A large groove between the 
a-helices provides a binding site for processed foreign antigens. The dimensions 
of the groove (approximately 25 Â long and 10 Â wide) are consistent with the 
size of a processed antigen or small peptide 10-20 amino acid long. Studies by 
Bjorkman et al. (1987b) have found that the most polymorphic amino acid re­
gions in the «1 and a2 domains lie along the inside of the groove and many 
amino acids critical for cytotoxic T lymphocyte recognition of the class I mole­
cule are located in the groove. Therefore, this groove is most likely a binding site 
for the foreign antigen that is recognized by cytotoxic T lymphocytes. 
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Figure 1.4 Schematic representation of the structure of HLA-A2 (Bjorkman 
et ai, 1987a). a, Schematic representation of the four domains of 
HLA-A2. b, Schematic representation of the top surface of HLA-
A2 
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Because a crystal structure of a class n molecule is not available, it re­
mains to be established whether class n histocompatibility antigens have a simi­
lar binding site. Considerable evidence exists that the structures of class I and 
class n antigens are similar based on sequence homologies and similarities in 
domain structure at both the protein and DNA levels (Brown et éd., 1988). Re­
cently, Gorga et al. (1989) have examined the secondary structures of class 1 and 
class n antigens in solution by Fourier transform infrared spectroscopy and cir­
cular dichroism in order to compare the relative amounts of a-helix, fi-sheet, and 
other structures, which are crucial elements in the comparison of the protein 
structures. Their results have provided physical evidence for an overall structure 
of class n antigens modeled on that of class I antigens. Peptide binding data de­
scribed by Buus et al. (1987,1988) and Guillet et al. (1987) have also favored the 
idea that the MHC class n molecule and foreign antigen are recognized as a 
single unit. 
1.5 The Chicken MHC 
In contrast to the knowledge of the genetic organization of the MHC in 
mouse and man, little is known about the number and arrangement of loci in the 
MHC of the chicken. What we know now as the MHC of the chicken was origi­
nally described by Briles et al (1950) as a blood group locus and was named the 
B locus. Some 10 years later, Schierman and Nordskog (1961) found that the B 
locus not only determined erythrocyte antigens, but that it was also the major lo-
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eus for skin graft rejection. They demonstrated that skin graft rejection was de­
termined by incompatibilities associated with this particular blood group qrstem, 
and thus directly proved that MHC antigens were encoded in the B locus. The B 
locus was further identified by Jaffe and McDermid (1962) as the major graft-
versus-host (GVH) splenomegaly locus and by Miggiano et oL (1974) as the 
mixed lymphocyte reaction (MLR) locus. These reports provided evidence that 
the B locus of the chicken had histocompatibility effects comparable to the H-2 
complex in the mouse and the HLA complex in humans. It is becoming increas­
ingly apparent that the chicken MHC is very similar in most respects to mam­
malian MHCs. Most of the immunologically related phenomena or functions 
which are known for H-2 alleles are now known for the chicken MHC (reviewed 
in Longenecker and Mosmann, 1981; Crone and Simonsen, 1987). 
Studies of the chicken MHC have taken advantage of the existence of 
numerous highly inbred chicken strains. A systematic scheme of nomenclature 
for the inbred chicken strains (Briles et al., 1982), established at the workshop on 
the chicken MHC in Innsbruck, Austria, in 1981, was essentially based on the 
numerical system of Briles et aL (1957). 
The chicken MHC has been shown to be located on one of the chicken 
microchromosomes (Bloom and Bacon, 1985). It is the best biochemically and 
functionally well-characterized MHC of any farm animal as well as of any non-
mammalian species. However, its gene organization at the DNA level is not yet 
known. Neither the number of genes in the chicken MHC nor their exact loca­
tion are known. 
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The study of inbred mice has told us a great deal about the biochemistiy 
of MHC antigens and the fine structure of the MHC, but tells us little about nat­
ural selection. The herpes virus causing Marek's disease is an important agent of 
natural selection in the chicken and one MHC haplotype is strongly associated 
with resistance to this disease, as will be discussed later. Basic studies on the 
chicken MHC have given uniquely important clues to the functional advantage 
of MHC polymorphism, as well as the survival value for the species, of certain 
MHC alleles. 
1.6 Genetic Structure of the Chicken MHC 
The chicken MHC encompasses three classes of loci. This was first shown 
by Pink et oL (1977) who characterized three classes of alloantigens encoded by 
the chicken MHC B-F (class I) antigens, B-L (class H) antigens, and a third type 
of polymorphic antigens, B-G (class IV) antigens, which are only expressed on 
erythrocytes. The three-locus model for the chicken MHC was consequently re­
named the B complex, rather than the B locus, because it is a system of closely 
linked and highly polymorphic genes. Protein products of class I (B-F) genes 
have been identified by Pink et al. (1985) and Crone et al. (1985). Protein prod­
ucts of class n (B-L) genes have been characterized by Ewert et aL (1984) and 
Guillemot et aL (1986). In general, the overall molecular structure of the protein 
products of the chicken class I proteins consists of two chains with molecular 
weights of 40-45 kd and 12 kd, and the class II proteins consist of two chains of 
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approximate molecular weights of 32 kd and 28 kd. It is not yet known with cer­
tainty whether class HI genes, encoding several components of serum comple­
ment, the enzyme 21-hydro)ylase, and tumor necrosis factor, are located in the 
chicken MHC. Chicken class IV (B-G) genes are unique to the chicken and en­
code a novel set of antigens found only on eiythroqrtes (Longenecker and Mos-
mann, 1980; Goto et cd., 1988). 
Serological and biochemical analyses of recombinant MHC haplotypes in 
the mouse and humans have resulted in the construction of genetic maps for 
mouse and human MHCs. Further insight into the structure of the MHC has 
been provided by the application of DNA technology leading to the cloning and 
DNA sequencing of MHC genes (Hood et al., 1983). In contrast, knowledge of 
the structure and organization of the chicken MHC is scarce. A remarkable fea­
ture by which the B complex differs from its mammalian counterparts is its ex­
tremely low rate of recombination frequen(y, possibly even an order of magni­
tude lower than in mouse and man (Simonsen et ai., 1981). One possible reason 
for this might be that the whole B complex occupies a much shorter chromoso­
mal segment than does H-2 or HLA. Alternatively, there may, by chance, be no 
hot spots of recombination within the chicken MHC (Crone and Simonsen, 
1987). Either explanation would fit the quite unusually strong linkage disequilib­
rium between B-F and B-G which has been found by Simonsen et aL (1981). 
The first identified recombinant B haplotype separated two MHC re­
gions, one encoding B-F and B-L antigens and another encoding B-G antigens 
(Hâla et al., 1976; Pink et al., 1977). It was disappointing that not a single recom­
binant that separated B-F and B-L genes was found. Due to a lack of a docu­
15 
mented crossing-over between the B-L and B-F or B-G regions, there is uncer­
tainty about their organization on the chromosome. 
Careful analysis of the available literature, however, partially clarifies this 
problem. Pevzner et aL (1978) identified a recombinant within the B locus of 
their outbred SI chickens which differed in its immune responsiveness to the 
synthetic polypeptide GAT. They defined two immune response alleles; Ir-
GAT^^ controlling high responsiveness and Ir-GAT^ controlling low responsive­
ness. These alleles are most likely within the B-L locus. In addition, they typed 
B-L B-F B-G 
0.5 cM 
wlOOOkbDNA 
Figure 1.5 Model of chicken B complex. The B-F region encodes molecules 
similar to mammalian class I antigens, the B-L region encodes 
molecules similar to class II antigens, and the B-G region encodes 
a novel class of antigens, designated class IV, which are found only 
on erythrocytes 
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the original lines and recombinants for two B alleles, and B^^. The original 
flocks were B^/B^-Ir-GAT^ (low responders) and B^^/B '^-Ir-GAT^^ (high re-
sponders). The recombinants were defined as B^/B^-Ir-GAT^^ (high responders) 
and B^^/B^^-Ir-GAT^ (low responders). Their typing sera contained both anti-F 
and anti-G antibodies because all chickens immunized with blood cells produce 
these antibodies (Héla et al., 1981a). Since it has been found that B-L is linked 
to B-F in other recombinants and linkage also exists between 'la' and B complex 
antigens on erythrocytes (Ewert et cd., 1980), the most likely conclusion is that 
the crossing-over described by Pevzner et al (1978) occurred between the B-L 
locus and B-F and B-G. The sequence of these three loci would thus appear to 
be B-L - B-F - B-G as shown in Figure 1.5. The orientation of this complex, how­
ever, is not known yet. 
1.7 Function of the Chicken MHC 
1.7.1 MHC restriction of cell-cell interactions in the chicken 
Doherty and co-workers (1976) first described the phenomenon of H-2 re­
striction. They found that killer T lymphocytes from mice immunized with a virus 
could kill virus-infected target cells in vitro only if the target cells carry H-2D- or 
H-2K- region alloantigens shared with the killer cells. This rule of H-2 restriction 
has now been shown to apply for the T-cell killing of target cells bearing several 
different types of antigen in mice as well as in rats and humans. Toivanen and 
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Toivanen (1977) have demonstrated that the in vivo immune response to sheep 
erythrocytes and the formation of germinal centers in chickens require coopera­
tion between T and B cells which share at least identity of one haplotype of the 
chicken MHC. The availability of MHC recombinant chicken lines that separate 
B-L, B-L/B-F, or B-G regions from each other has made it possible to analyze 
the genetic control of avian lymphoid cell interaction in greater detail. Vainio et 
al (1984) described results from adoptive transfer of bursa cells using different 
MHC recombinant chicken lines. The results indicated that the chicken MHC 
class n (B-L) genes encoded cell-surface antigens that serve as restriction ele­
ments in T-B cell interaction. 
1.7.2 Chicken MHC and virus infections 
Marek's disease is a naturally occurring, herpes-virus induced lymphoma 
of chickens. Protection against this widespread virus is through vaccination 
(injection of turkey herpes virus) or by selection of genetically resistant birds. 
The genetically determined resistance has been shown to be associated with 
MHC haplotype (Pazderka et af., 1975; Pevzner et al., 1981). The mechanism of 
MHC-associated resistance is not completely understood, but from the experi­
ments reviewed by Longenecker and Mosmann (1981), it is evident that B-L (la) 
gene control plays an important role. 
Studies with crosses of highly inbred lines of chickens differing in their 
ability to regress sarcomas induced by Rous sarcoma virus have established that 
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this trait is closely associated with the MHC (Collins et cd., 1977; Schierman et 
al., 1977). Evidence for crossing over between the MHC genes controlling sero­
logically detected alloantigens on RBCs and the genes controlling rejection of 
Rous sarcomas was obtained by Schierman and co-workers (1977) who desig­
nated the new locus R-RS-1. The allelic gene which allows for progressive tumor 
growth in homo^gous, susceptible birds is called r-Rs-1. Gebriel et aL (1979) 
have reported that the R-RS-1 locus is closely linked to the Ir-GAT locus and 
therefore maps within or close to the Ir region of the B complex. Collins and co­
workers (1977) have found that the resistant birds which did possess tumors had 
far fewer metastatic lesions than genetically susceptible birds, which is compati­
ble with an Ir-gene mediated anti-tumor mechanism. 
1.7.3 Chicken MHC and immune responses 
As with many mammalian species (Benacerraf and Katz, 1975), the MHC 
of the chicken regulates immune responsiveness to a variety of antigens. It has 
been suggested that Ir-Uke genes analogous to those which have been studied so 
extensively in the mouse, also exist in the chicken. An association between the 
MHC and the antibody response to the following synthetic polypeptides has 
been reported: (T-G)-A-L (Guenther et al., 1974), GAT and G-A (Pevzner et al., 
1978), bovine serum albumin (BSA) coupled with aggregated GAT (Benedict et 
al., 1977), and GT (Koch and Simonsen, 1977); Salmonella pullorum bacterium 
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(Pevzner et cd., 1975) and the development of tuberculin hypersensitivity (Kara-
koz et al., 1974). 
Guenther and co-workers (1974) have provided a result which suggested 
a recombination between a putative Ir locus and serologically defined MHC 
antigens. Pevzner and co-workers (1978) provided the first demonstration of a 
specific Ir gene which could be separated recombination from serologically 
determined MHC alloantigens. 
1.7.4 Chicken MHC and autoimmune diseases 
As in humans (Dausset and Svejgaard, 1977) and mice (Klein, 1975), 
there is also a close association between MHC type and the development of au­
toimmune disease in chickens. Spontaneous autoimmune thyroiditis in obese 
strain chickens is the best characterized autoimmune disease in the chicken 
(Wick et al.t 1979). The obese strain of chickens was developed by Cole and co­
workers (1970), who began selecting birds for the development of a phenotypi-
cally hypothyroid trait. 
The MHC clearly influences the development of spontaneous autoim­
mune thyroiditis in noninbred obese strain chickens. But MHC control is more 
obvious when one examines partially inbred populations (Bacon and Rose, 
1979). This shows that other non-MHC-linked loci may influence the outcome of 
the disease. 
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1.7.5 Chicken MHC antigens in differentiation 
The restricted expression of a highly polymorphic MHC antigen in a par­
ticular line of cell differentiation suggests that the molecule bearing the antigen 
may have an important function for that line of differentiation. The best known 
example of this principle is the expression of la antigens in murine B lympho­
cytes and certain subpopulations of macrophages, and the lack of expression in T 
cells, eiythrocytes and other hemopoietic cells. It has been found that the ex­
pression of chicken la-like antigens increased with B-lympho(yte maturation in 
the bursa and was first detected in pre-B cells present in the bursa at day 10 of 
development (Ewert and Cooper, 1978). Thus chicken la antigens appear to be 
differentiation markers. 
Using monoclonal antibodies against private B-G determinants, Longe-
necker and Mosmann (1980) found that B-G antigen expression is restricted to 
the erythroid line of differentiation. Their finding of the expression of a B-G lo­
cus gene product in erythroid progenitors is consistent with the view that this 
molecule might play some role in cell interactions involved in erythropoiesis 
(Longenecker and Mosmann, 1981). 
1.7.6 Chicken MHC and reproduction 
Although the MHC is primarily associated with functions of the immune 
system, it has been reported that MHC-linked genes may also be involved in the 
determination of reproductive traits (Ivanyi, 1978) and mating preference 
21 
(Yamazaki et cd., 1976) in the mouse. In the chicken, there have been reports of 
correlations between certain alleles of the B blood group qrstem and the per­
formance of egg-laying hens (Simonsen et al., 1982; Lamont et al., 1987). The 
slowly accumulating evidence that MHC-linked genes may be important in vari­
ous ways in reproductive physiology should encourage further studies of MHC in 
animal species of particular importance. 
1.8 Chicken MHC Antigens 
1.8.1 B-F antigens 
The B-F antigens, present on lymphocytes and erythroqrtes, are the 
chicken MHC class I products. Like mammalian class I molecules, they are com­
posed of a membrane-bound glycosylated polymorphic heavy chain, with molec­
ular weights ranging from 40-43 kd, which is noncovalently associated with the 
invariant light chain, the chicken 62-microglobulin, with molecular weight of 11-
12 kd (Ziegler and Pink, 1975 and 1976). Amino-acid sequence homology be­
tween the B-F antigens and their evolutionary homologues, mouse H-2K and H-
2D, and human HLA-A, HLA-B has been described for the amino terminal 
residues of the proteins (Vitetta et al, 1977; Huser et al, 1978). 
Serological and biochemical analyses have identified the expression of 
three class I (K, D, and L) antigens encoded by the H-2 complex. Similarly, three 
class I (A, B, and C) loci are expressed on human cells. However, DNA se-
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quencing of H-2 and HLA regions has revealed a surprisingly large number of 
class I genes (Hood et af., 1983). In the chicken, there is certainly no evidence 
based on genetic recombinations for the presence of duplicated sequences of B-
F genes. In contrast, Brogren and co-workers (1979) noted the appearance of 
two separable B-F spots on two-dimensional SDS-PAGE analysis of immuno-
precipitated B-F antigens from one inbred strain of chickens. Brogren and Bisati 
(1980) have detected a third series of B-F-specifîc spots, raising the possibility 
that the chicken B-F locus codes for three polypeptides, which would be remark­
ably similar to the situation in the human MHC (HLA-A, B, C) and the mouse 
MHC (H-2D, K, L). These observations were nevertheless inconclusive since 
they might also be explained by post-translational processing of a single MHC 
product, by modifications during sample preparations, or by differences in the 
carbohydrate moieties. The availability of mouse monoclonal antibodies to 
chicken MHC class I antigens made it possible to provide evidence indicating 
the presence of at least two class I products of the B complex (Crone et al., 
1985). Thus, the number of chicken class I MHC products is still not certain. 
1.82 B-L antigens 
The B-L antigens are the chicken MHC class II products. The cellular dis­
tribution of B-L antigens has been studied by immunofluorescence with anti-B 
alloantisera from which B-F and B-G specific antibodies had been removed by 
absorption with erythrocytes. like mammalian class n antigens, the B-L antigens 
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seem to be expressed only on cells of the immune ^ stem. They are present on B-
cells and on cells of the monocyte/macrophage series but not on unstimulated T-
cells and erythrocytes (Ewert and Cooper, 1978). They are composed of two dis­
tinct noncovalently linked polypeptide chains, a and Û (Crone et al., 1981a). The 
a chains vary from 30 to 32 kd and the £ chains vaiy from 28 to 29 kd (reduced 
samples). 
The expression of at least two class H antigens (I-A and I E) encoded by 
the H-2 complex and at least three class H loci (DP, DQ, and DR) by the HLA 
complex has been detected by serologcal and biochemical analyses. In the 
chicken, no evidence, based on genetic recombination, for the presence of dupli­
cated sequences of B-L genes has been presented (Crone and Simonsen, 1987). 
The results from two-dimensional SDS-PAGE analysis of immunoprecipi-
tated B-L antigens, however, have suggested the presence of more than one a 
and 6 chain of B-L (Brogren and Bisati, 1980). Cross-reactive B-L-specific al-
loantisera were used for sequential precipitation and have identified two distinct 
populations of B-L antigens expressed in homo^gous chickens (Crone et al., 
1981b). 
It has been shown that the B-L molecules serve as restriction elements in 
T cell-B cell interaction (Vainio et al., 1984). They also play an important role in 
resistance to neoplastic diseases (Longenecker and Mosmann, 1981; Gebriel et 
al, 1979) and immune response to various antigens (Pevzner et al., 1978). 
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1.8 J B G antigens 
The B-G antigens are the products of highly polymorphic genes closely 
linked to the class I and class H genes of the B complex (Pink et al., 1977). They 
are found on eiythroQFtes and eiythroid progenitor cells, but not on lymphocytes 
(Longenecker and Mosmann, 1980). The B-G antigens have no apparent func­
tion in immunological reactions (Crone and Simonsen, 1987). 
The only effect that has so far been assigned to these antigens is to serve 
as an adjuvant for the production of anti-F alloantibodies (Hâla et al., 1981b). 
Reasons to include the B-G as part of the chicken MHC are the extreme poly­
morphism of these genes (a phenomenon which seems to be characteristic for 
MHC genes) and the strong gametic association of B-F and B-G alleles (Crone 
and Simonsen, 1987). 
No known mammalian homologue exists for the B-G region of the 
chicken MHC. However, some MHC-linked antigens which seemed to be spe­
cific for red cells have been identified in Xenopus by Flajnik et al (1984). They 
consist of 45 kd protein chains that are not associated with Gg-microglobulin, and 
might therefore be homologues to the chicken B-G antigens. Since mature 
chicken RBCs have nuclei, further studies are needed to clarify if such erythro-
cyte-specific MHC-linked membrane antigens are a common feature of species 
with nucleated erythroqrtes. It is possible that such antigens exist only on ery-
throid progenitor and nucleated erythrocyte precursors, but not on anuclear ma­
ture erythrocytes. 
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1.9 Chicken MHC Genes 
Several research groups have begun to study the class I and class n genes 
of the chicken MHC by using mammalian DNA probes (Warner, 1986; Auffîray 
et al., 1986; Andersson et al., 1987). The results of Southern blot analysis, using 
the mammalian probes, suggested that there are at least three class I (B-F) genes 
and at least two class H (B-L) 13 chain genes in the chicken. 
A major breakthrough in the study of the chicken MHC occurred when 
Auf&ay and co-workers, CNRS, France, were able to isolate a class H Û chain 
gene (pl4. Figure 2.1) from a chicken of unknown haplotype by using a human 
DNA probe, HLA-DQÛ (Bourlet et al., 1988). They isolated the sequence hy­
bridizing to the HLA-DQfi probe in one clone from the AL47 library as a 3.2 kb 
Hind m DNA fragment. This fragment was referred to as pl4 (Figure 2.1). 
This first isolated gene was used as a probe for isolating three unique 
class n fi chain genes from a genomic library from a chicken of the B^ haplotype 
(inbred line G-B2), suggesting that chickens of the B^ haplo^e possess at least 
three MHC class II Û chain genes (Xu et al., 1989). By comparing the chicken 
MHC class n Û genes, they suggested that B^ and B^ haplotypes diverged from 
the haplotype from which pl4 was derived before B^ and B^ diverged from each 
other. 
Guillemot et al (1988) have obtained a molecular map of the B complex 
from a cosmid library of the B^ haplotype and demonstrated that four non-
overlapping clusters covering 320 kb of DNA contained five B-L Û genes and six 
B-F genes of the B^^ haplotype. B-F and B-L fi genes were found to be inter-
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minted and very close to each other, with no clearly defined class I and class H 
regions, as found in mammalian MHCs. This could account for the absence of 
recombination between these loci. A cDNA clone from the B-G subregion of the 
B complex has been isolated by Goto et aL (1988). 
1.10 SpeciGc Goals 
The genes of the MHC are prime candidates for genetic engineering of 
domestic species. The reason is their importance in many biological phenomena, 
including disease resistance and reproduction. 
The main goal of this work was to analyze the molecular structure of 
genes of the chicken MHC by isolating and characterizing the cDNA clones for 
chicken MHC class n 6 chain genes from a chicken of the B^ haplotype. Spleen 
and liver were used as sources of RNA from which cDNA was synthesized. 
In order to study tissue-specific transcription of the B-L G chain genes in 
the chicken of the B^ haplotype, poly(A)^ RNAs from spleen and liver were 
subjected to Northern blot analysis using one of the B-L 6 probes. 
Totally, 37 cDNA clones were grouped into three families according to 
their restriction maps. The largest cDNAs in each family from the spleen library 
were analyzed by DNA sequencing. One of the cDNAs from the liver library was 
also subjected to the sequencing in order to get some insight into the different 
level of expression in spleen and liver. 
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The complete nucleotide and predicted amino acid sequence of these 
cDNAs were compared to other chicken MHC class H Û chain genes, and to 
their mammalian counterparts. This was done to see if there were any sequence 
homologies between MHC antigens of species as different as chickens, mice, and 
humans. If so, this would yield information supporting the view that MHCs 
evolved and persisted because they provided some functional advantage(s) to the 
species. 
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2 MATERIALS AND METHODS 
2.1 Animals 
The chicken used as the source of RNA for the construction of the cDNA 
library was a three-month-old male of the white Leghorn inbred line G-B2 
(MHC haplotype B^), produced and maintained at the Iowa State University 
Poultry Science Research Center. The inbreeding coefficient in this line is ap­
proximately 99%. 
22 Chicken Class 11 Probes 
The chicken MHC class 11 fi chain probes were a gift of C. Auffray. He 
and his colleagues (Bourlet et éd., 1988) isolated the pl4 clone by cross-hy-
bridization at low stringency conditions, using a probe derived from an HLA-DQ 
6 cDNA clone. A diagram of the isolated genomic clone is shown in Figure 2.1. 
The whole clone (3.2 kb Hind HI fragment) has been designated pl4. Digestion 
of pl4 with Pst I yielded a fi2-specific probe (p234) and a transmembrane (TM) 
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specific probe (p400). The two probes used in this study (p234 and p400) were 
labeled by nick-translation (Rigby et al., 1977) to an average specific activity of 
5 X10® cpm//fg DNA. 
2.3 Preparation of RNA 
Total RNA was extracted from the spleen and liver of the chicken by the 
guanidinium thiocyanate method (Chirgwin et al., 1979). Freshly removed tissues 
were briefly blotted to remove blood, weighed, and then 1 g of each tissue was 
dropped into 16 ml of a guanidinium thiocyanate stock solution in a 55 ml Pot-
ter-Elvehjem homogenizer tube. The guanidinium thiocyanate stock (4 M) was 
prepared by mixing 50 g of Fluka purum grade guanidinium thiocyanate (Tri-
pl4 
61 Û2 TM CY 3'UT 
I u 
p234 p400 
Figure 2.1 Chicken class II probes pl4, p234, and p400. The pl4 probe is the 
3.2 kb Hind III fragment. The p234 probe is 234 bp and the p400 
probe is 400 bp. The heavy bars represent the 61, 62, transmem­
brane (TM), and cytoplasmic exons (from Xu et al, 1989) 
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dom, Inc., Hauppuage, New York) with 0.S g of sodium N-lauroylsarcosine (final 
concentration 0.5%), 2.5 ml of 1 M sodium citrate, pH 7.0 (25 mM), 0.7 ml of 2-
mercaptoethanol (0.1 M), and 0.1 ml of Sigma concentrated Antifoam A (0.1%). 
Deionized water was added to 100 ml. The solution was filtered through a 0.45-
/im Millipore filter, its pH was adjusted to 7 with IM NaOH and it was treated 
for 20 minutes with 0.2% diethyl pyrocarbonate and then autoclaved for 45 min­
utes. 
The homogenization was performed on ice for 60 seconds at full speed 
with a Tissumizer homogenizer (Tekmar Industries, Cincinnati, Ohio). The ho-
mogenates were centrifuged for 10 minutes at 7,700 xg (8,000 rpm) in a JA-20 
rotor (Beckman J2-21 centrifuge) at lO^C to sediment particulate material. The 
supematants were layered onto ultracentrifuge tubes one-quarter filled with a 
5.7 M cesium chloride solution which was buffered with 25 mM sodium acetate, 
pH 5, sterilized with 0.2% diethyl pyrocarbonate, and passed through a 0.45-/«m 
Millipore filter. The RNA was separated firom the guanidinium thiocyanate ho-
mogenate by ultracentrifugation through a dense cushion of cesium chloride 
(Glisin et al., 1974). A Beckman SW55 rotor was centrifuged for 21 hours at 
116,000 xg (35,000 rpm) and 20°C in a Beckman L-8 centrifuge. 
The RNA pellet was resuspended by vortexing in 200 fû of 0.3 M sodium 
acetate, pH 6.0. The tubes were rinsed with an additional 100 ;il of 0.3 M sodium 
acetate, pH 6.0. The combined RNA preparations were precipitated with a 2.5 
volume of 95% ethanol. The pellet was thoroughly washed with 80% ethanol, 
dried with a nitrogen stream, and dissolved in 1.0 ml of sterile water per g of 
starting tissue. The RNA quantity was determined by absorbance at 260 nm. Ab-
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sorbance measurements were obtained by diluting the RNA solutions into 10 
mM triethanolamine hydrochloride, pH 7.4. An of 200 at 260 nm was 
used to determine the concentration of RNA. 
2.4 Isolation of PolyCA)'*'RNA 
Poly(A)^ RNA was selected by oligo(dT) cellulose column chromatogra­
phy (Aviv and Leder, 1972). The RNA sample in HjO was heated at 68°C for 2 
minutes to minimize nonspecific ribosomal contamination. Application buffer 
(500 //I), which contained 0.5 M liCl, 0.2% sodium dodecyl sulfate and 10 mM 
triethanolamine * HCl, pH 7.4, were added to the RNA sample and the mixture 
was loaded onto a prepared oligo(dT)-cellulose column. The column was pre­
pared in advance by pouring approximately 0.5 ml oligo(dT)-cellulose T^pe 3 
(Collaborative Research, Lexington, Massachusetts) slurry, suspended in 10 mM 
triethanolamine - HCl, pH 7.4, into a sterile 1 ml plastic pipette tip with au-
toclaved glasswool packing. The column was equilibrated with the application 
buffer. 
After the RNA sample was loaded onto the column, 10 ml of the applica­
tion buffer was added and 1 ml fractions of the eluates containing non-poly(A)^ 
RNA were collected for absorbance measurements. The column was then eluted 
with 10 ml of the first elution buffer, which contained 0.1 M LiCl and 10 mM tri­
ethanolamine • HCl, pH 7.4. The eluates containing nonspecifically bound RNA 
were also collected as 1 ml fractions. Finally, the column was eluted with 10 ml 
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of the second elution buffer, which contained only 10 mM triethanolamine • HCl, 
pH 7.4. The poly(A)"*" RNA was eluted at this step. The eluates were collected. 
The absorbance at 260 nm was measured for all the 1 ml fractions and the 
fractions containing poly(A)"'" RNA were pooled. The isolated poly(A)^ RNA 
was precipitated with 2.5 volumes of 95% ethanol and 0.1 volume of 3M sodium 
acetate, pH 5.2. The poly(A)"*^ RNA pellet was washed with 80% ethanol, dried 
with a nitrogen stream, and dissolved in sterile H2O. The RNA quantity was de­
termined by the absorbance measurement at 260 nm. 
2.5 Northern Blot Analysis 
A formaldehyde/agarose gel was used as a denaturing electrophoresis 
system (Lehrach et al, 1977). Twenty micrograms of total RNA and 4 /jig of 
poly(A)'*' RNA, from spleen and liver, in a 5 /fl volume were individually mixed 
with 15 /il of loading buffer. The loading buffer contained 0.72 ml formamide, 
0.16 ml lOX MOPS buffer (0.2 M MOPS (3-[N-morpholino] propanesulfonic 
acid), 0.05 M sodium acetate, and 0.01 M EDTA), 0.26 ml formaldehyde (37%), 
0.18 ml H2O, 0.1 ml 80% glycerol and 0.08 ml bromophenol blue (saturated so­
lution) to make a final volume of 1.5 ml. The RNA samples in the loading 
buffer, 20 (aX each, were heated to 95°C for 2 minutes to cause denaturation. 
The RNA samples were loaded into a 1% agarose gel which contained 
0.0001 volume of a 10 mg/ml ethidium bromide stock solution and 0.66 M form­
aldehyde instead of the original concentration of 2.2 M in order to avoid the ad-
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verse effect on the staining of the gel (Davis et al., 1986). The gel electrophoresis 
was performed at constant current at 35 mA for 20 hours. Hind HI digested A 
DNA was used as a molecular weight marker. The gel was rinsed for 20 minutes 
each in two changes of 500 ml of 20X SSC (3M NaCl and 0.3 M Na^ Citrate • 
2H2O, pH adjusted to 7.0 with 1 M HQ) to remove the formaldehyde from the 
gel. The gel was not treated with alkali because treatment of the gel with alkali 
and neutralization with salt buffers substantially reduces the efGcienqr of trans­
fer of RNA from the gel to the nitrocellulose paper, particularly for larger RNAs 
(Thomas, 1980). 
The RNA was transferred from the agarose gel to nitrocellulose paper 
(Schleicher & Schuell Inc., Keene, New Hampshire) by using 20X SSC, essen­
tially as described for transfer of DNA by Southern (1975). The transfer was per­
formed for 18 hours at room temperature. The filter was washed in 6X SSC for 5 
minutes, and air-dried for 20 minutes. The filter was baked at 80°C for 2 hours 
under vacuum. 
The Northern blot was prehybridized for 6 hours at 42''C in 6X SSC, 50 
mM NagPO  ^ 4 mM EDTA (pH 7.0), 50% deionized formamide, 100 fig/ral 
heat-denatured salmon sperm DNA, and IX prehybridization mix containing 6X 
SSC in 50 mM Na^PO^ 4 mM EDTA (pH 7.0), 0.2% polyvinylpyrrolidone (K 
value=29, GAP Corp., Wayne, New Jersey), 0.2% Ficoll 400, and 1% SDS. Hy­
bridization was performed in the same buffer with the chicken class II 62 exon 
probe, p234, which was ^^P-labelled by nick translation (Rigby et al., 1977) to the 
specific activity of 5x10^ cpm//fg DNA. The hybridization was performed at 42°C 
overnight. 
34 
The first wash was done in 2X SSC and 0.1% SDS at room temperature, 4 
times, S minutes each. The second wash was done in O.IX SSC and 0.1% SDS at 
55°C, twice, 15 minutes each. The filter was air-dried for 30 minutes on What­
man 3MM paper and exposed to Kodak XAR-5 film (Eastman Kodak, Roches­
ter, New York) with Du Pont intensifying screens at -70°C. 
2.6 cDNA Synthesis 
Two cDNA samples were synthesized from 5 txg of poly(A)"*" mRNA 
isolated from spleen and liver according to the method of Gubler and Hoffinan 
(1983). The cDNA synthesis system kit, a product of Amersham (Arlington 
Heights, Illinois), was used for the synthesis of the first and the second strand of 
the cDNAs according to the protocols described in the Amersham brochure. 
The first strand cDNA copy was synthesized from 5 /ig of poly(A)'*' 
mRNA from spleen and liver using 2.5 absorbance units of oligo(dT) primer and 
100 units of AMV (avian myeloblastosis virus) reverse transcriptase in the pres­
ence of the mixture of deo;qmuceloside triphosphates and human placental 
RNase inhibitor. Globin mRNA was also subjected to the cDNA synthesis pro­
cedure as a control. [a-^^P] dCTP (12.5 ^Ci) was added to the reaction mixtures 
for monitoring the reaction. After the first strand cDNA synthesis, 4 units of E. 
coli RNase H was used to nick the RNA in the RNA-DNA hybrid. E. coli DNA 
polymerase (115 units) then was added to replace the RNA strand utilizing the 
nicked RNA as a primer. Finally, 10 units of T4 DNA polymerase was used to 
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remove any small remaining 3' overhangs from the first strand cDNA, resulting 
in blunt-end, double stranded cDNA. 
2.7 Analysis of cDNA Synthesis Products 
The double-stranded cDNA synthesized from liver poly(A)'^  RNA and 
globin mRNA was analyzed by gel electrophoresis as described in McDonell et 
al. (1977). Sixteen fâ was taken from the final cDNA reaction mixture. To re­
move any remaining RNA, an alkaline hydrolysis step was performed. That is, 20 
fi\ of a carrier DNA solution (100 fig/ml salmon sperm DNA) and 12 pil of IM 
NaOH were added to the cDNA The mixture was incubated at 46°C for 30 min­
utes. Twelve microliters of 1 M HQ and 12 yul of 1 M Tris * HCl, pH 8.0, were 
added. The resulting mixture was extracted with an equal volume of phe­
nol/chloroform, and precipitated with ethanol. The pellet was resuspended in 10 
^1 of alkaline loading buffer which contained 50 mM NaOH, ImM EDTA, 2.5% 
Ficoll 400, and 0.025% bromophenol blue. 
As a molecular weight marker, A DNA digested with Hind in was used. 
One microgram of Hind Ill-digested A DNA was end-labelled using 2 /fCi of [a-
dCIP and 6 units of E. coli DNA polymerase I, Klenow fragment. The re­
action mixture was incubated for 10 minutes at room temperature. The labelled 
DNA was separated from unincorporated dCTPs by ethanol precipitation. 
A 1.4% agarose gel was prepared in 50 mM NaCl and 1 mM EDTA The 
gel was soaked in alkaline electrophoresis buffer containing 30 mM NaOH and 1 
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mM EDTA for 30 minutes before loading the DNA samples. The prepared 
cDNA sample from liver and the globin cDNA as a control were loaded onto the 
gel along with the end-labelled A DNA digested with Hind m. Electrophoresis 
was carried out at 25 mA, constant current, for 14 hours until the dye had mi­
grated approximately 1/3 of the length of the gel. At the end of the run, the gel 
was removed and soaked in 1% trichloroacetic acid (two changes) for 30 minutes 
at room temperature. The gel was mounted onto a glass plate and dried for sev­
eral hours under many layers of Whatman 3MM paper (Whatman Lab. Sales 
Inc., Hillsboro, Oregon) weighted with another glass plate. The dried gel was 
covered with Saran Wrap (DOW Chemical Company). The DNA was detected 
by autoradiography at -TO^C with a Du Pont intensifying screen and Kodak 
XAR-5 mm. 
2.8 Construction of the cDNA Libraries 
The resulting blunt-ended cDNAs were methylated by 100 units of Eco 
RI methylase (New England Biolabs, Beverly, Massachusetts) in 0.1 M Tris • HCl 
(pH 8.0), SmM EDTA (pH 8.0), 0.4 mg/ml nuclease-free bovine serum albumin 
(Sigma, Saint Louis, Missouri), and IS /iM S-adenosyl methionine (New England 
Biolabs, Beverly, Massachusetts). The mixture was incubated at 37°C for 20 
minutes and the en^me was then inactivated by incubation at 6S*'C for 10 min­
utes. Eco RI linker was added to each of the methylated, blunt-ended cDNAs by 
incubating the cDNAs with 0.08 A260 units of Eco RI linkers, d(pGGAATrCC), 
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from New England Biolabs (Beverly, Massachusetts) and 1 unit of T4 DNA lig-
ase from Bethesda Research Labs (Gaithersburg, Maryland), in the presence of 
30 mM Tris • HCl, pH 7.4,10 mM MgCl2,10 mM DTT and 1 mM ATP. The lig­
ation was performed by incubating the ligation mixture at 15°C ovemi^t. T4 
DNA ligase was then inactivated by incubation at 65°C for 10 minutes. 
The Eco RI linker-added cDNAs were digested with Eco RI, extracted 
with a pre-equilibrated 1:1 mixture of phenol and chloroform, followed by 
ethanol precipitation. The cDNAs were quantitated by using a spectrofluorome-
ter. To remove excess Eco RI linkers and cDNA fragments too small to be use­
ful, the cDNAs were size-fractionated on a 0.8% agarose gel at 35 mA, constant 
current, for 6 hours. Ultra pure DNA grade agarose (Bio-Rad Laboratories, 
Richmond, California) was used for making a gel. All cDNA migrating at over 
500 bp, as determined by UV-fluorescence of the ethidium bromide-strained gel 
and comparison to the Hind Hi-digested A DNA size marker, was excised as a gel 
piece. 
The cDNAs were eluted from the gel pieces by the electroelution proce­
dure (Maniatis et ai, 1982). The cDNA-containing gel piece was put in dialysis 
tubing (Scientific Products, Standard Cellulose Dialysis Tubing, molecular 
weight cutoff 12,000-14,000, dry diameter of 20.4 mm) which had been properly 
boiled in EDTA (Maniatis et al., 1982) and rinsed with 0.5X TBE buffer (IX 
TBE contains 0.05 M Tris, 0.05 M boric acid, and 1 mM Na2-EDTA • 2H2O). 
Less than 1 ml of 0.5X TBE was added to the dialysis tubing containing the gel 
slice. The tubing was laid on the gel bed of an electrophoresis apparatus, per­
pendicularly to the flow of electrophoretic current. After electroelution was per­
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formed at 100 volts, constant voltage, for 2 hours, the direction of the current 
was reversed for 2 minutes at 100 volts. The cDNA-containing buffer was re­
moved from the tubing and cDNA was purified by NACS column chromatogra­
phy (Bethesda Research Labs, Gaithersburg, Maryland) followed by ethanol 
precipitation. 
The resulting cDNAs from spleen and liver were individually ligated with 
an Eco Rl-digested-dephosphoiylated A phage vector, AgtlO (Promega Biotec, 
Madison, Wisconsin), as described in Huynh et al. (1985). AgtlO contains a 
single Eco RI cleavage site within the phage repressor gene (Figure 2.2). The 
insertion of a DNA fragment into the repressor gene (cl) generates a cI" phage, 
which forms a plaque with a clear center. A cl^ phage, such as AgtlO, forms a 
turbid plaque. Recombinant cI" phage containing insertions at the Eco RI site 
can be distinguished easily from the cl^ parent phage on the basis of their clear 
plaque morphology. 
The recombinant cDNA phage libraries from spleen and liver were con­
structed using the commercial packaging extract (Promega Biotec, Madison, 
Wisconsin) and propagated in E. coli C60Qhfl (high-frequency lysogeny) cells 
(Promega Biotec, Madison, Wisconsin). When an E. coli strain carrying the high 
frequency lysogeny mutation is infected by AgtlO, the cl^ phage is repressed so 
efficiently that plaque formation is suppressed. However, cI" phage form plaques 
with normal efficiency on the CôOQhfl strain. 
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Figure 2.2 Map of AgtlO. Restriction endonuclease cleavage sites are desig* 
nated in kilobase pairs from the left end. The Eco RI site in which 
the cDNAs are inserted is boxed. The cl gene is shown (from 
Huynh et al., 1985) 
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2.9 Screening the cDNA Libraries 
Two cDNA libraries from spleen and liver were screened and rescreened 
on duplicated filters without amplification by plaque-hybridization (Benton and 
Davis, 1977; Maniatis et a/., 1982) using the p234 probe. Round nitrocellulose fil­
ters (Schleicher & Schuell, Inc., Keene, New Hampshire) were placed on ISO 
X10 mm agar plates, which contained the phage library, for 1 minute for the first 
filter and 2 minutes for the duplicate filter. The filters were marked with radio­
active India ink through the filter and agar to orient the filters to the plates. 
Slowly peeled filters were then dipped sequentially into denaturing and fixing 
solution (0.2 M NaOH, 1.5 M NaCl), neutralizing solution (2X SSC, 0.4 M Tris • 
HCl, pH 7.4) and finally 2X SSC for 1 minute for each dip. The filters were 
dried, plaque side up, for 1 hour at room temperature on Whatman 3 MM paper 
(Whatmm Lab. Sales Inc., Hillsboro, Oregon) and baked in a vacuum oven for 2 
hours at 80°C. The baked filters were incubated for 1-2 hours at 42°C in pre-
washing solution containing 50 mM Tris • HCl (pH 8.0), 1M NaCl, 1 mM EDTA 
and 0.1% SDS to remove any absorbed medium, fragments of agarose or loose 
bacterial debris from the filters. Prehybridization, hybridization, and washing of 
the filters were performed by using the same conditions as described for the 
Northern blot procedures. The air-dried filters were placed on a large X-ray film 
cassette and exposed to Kodak X-ray film XAR-5 (Eastman Kodak, Rochester, 
New York) with Du Pont intensifying screens at -70°C. 
The positive plaques were picked, after aligning the film and the agar 
plates, by using a p200 pipetman (Gilson, Wobum, Massachusetts) with blunt-
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end tips and the plaques were placed individually in 1 ml SM buffer (0.1 M 
NaCl, 80 mM MgSO^ SO mM Tris * Cl, pH 7.5, and 0.01% gelatin) and 50 /A 
chloroform in a polypropylene tube. The secondary and the tertiary screenings 
were performed to select the final positive plaque-purified cDNA clones. 
The lysate stocks of bacteriophage A were prepared from the final single 
plaques as described in page 65 of Maniatis et al. (1982). DNA was isolated from 
A phage plate lysates as described in pages 80-85 of Maniatis et al. (1982) and di­
gested with Eco RI. An electrophoresis run, in a 0.8% agarose gel, was per­
formed to determine the concentrations and the sizes of the cDNA inserts by 
comparison to 0.25 /ig, 0.5 ng, 1.5;fg, and 3 /ig of Hind m-digested A DNA 
2.10 Southern Blot Analysis of cDNA mth the p400 Probe 
Five cDNA clones (S2, S3, S4, S5, and S7) were subjected to Southern 
blot analysis with the p400 probe containing the transmembrane (TM) exon. The 
AgtlO vectors (1.5 /<g), containing the cDNA inserts, were digested with Eco RI. 
The DNA samples were loaded onto a 0.8% agarose gel and electrophoresis was 
carried out at 35 mA, constant current, for 6 hours. After the electrophoresis, the 
gel was denatured in 1.5 M NaCl and 0.5 M NaOH for 1 hour at room tempera­
ture. The gel was then neutralized in 1.5 M NaCl and 1M Tris * HCl, pH 5.5, for 
1 hour. 
The DNA was transferred from the gel to nitrocellulose paper as de­
scribed by Southern (1975). The filter was washed in 6X SSC for 5 minutes, air-
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dried for 20 minutes and baked at 80°C for 2 hours under vacuum. The Southern 
blot was prehybridized and hybridized in the same conditions as described for 
the Northern blot procedures, except for the probe. ^^P-labelled p400, contain­
ing the chicken class H transmembrane exon, was used as the hybridizing probe. 
2.11 Isolation of cDNA from theAgtlO Vector and Restriction Mapping 
Approximately ICQ /<g of DNA from each clone was digested with Eco RI 
and electrophoresed on 0.8% preparative agarose gels with large wells. Ultra 
pure DNA grade agarose (Bio-Rad Laboratories, Richmond, California) was 
used for the preparative gels. Inserts were isolated by electroelution from the gel 
slices. Insert DNA (1 fû) was subjected to the mini gel electrophoresis to deter­
mine the volume of DNA to be used for restriction enzyme digestion. The iso­
lated cDNAs were digested with either one or two restriction endonucleases 
from the following: Ava I, Apa I, Bant HI, Bgl II, Hae IE, Hha I, Hind in, //i/i/I, 
Nar I, Pst I, Pvu H, Rsa I, Sou 3AI, and Tag I. The en^mes were purchased from 
Bethesda Research Labs (Gaithersburg, Maryland). Incubation temperature for 
all en^mes was 3TC except for Apa I (30°C) and Taq I (ÔS^C). The restriction 
enzyme digests were subjected to 1% agarose gel electrophoresis and visualized 
by ethidium bromide staining. As molecular weight standards the following were 
used: 123 bp Ladder, 1 kb Ladder (Bethesda Research Labs), Hind IE-digested 
A, Pvu n-digested A, and Bgl Il-digested A. 
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2.12 Subcloning of cDNÂ into the pBS M13 + Vector 
Five spleen cDNA clones (SI, S3, S7, SIO, and S19) and one liver cDNA 
clone (LI) were subcloned into the pBS M13+ vector (Stratagene Inc., La Jolla, 
California) for sequencing. The pBS M13 vector is a 3,204 basepair plasmid de­
rived from pUC19. The vector carries a colEl origin, ampicillin resistance, T3 
and T7 promoters flanking the pUC19 polylinker and a lacZ promoter for blue/ 
white color selection or fusion protein induction with IFTG. It also carries an 
M13 origin of replication allowing single strand DNA rescue, via helper phage 
infection, for site-specific mutagenesis or single stranded sequencing. 
Mixed together were 4 ^g of Eco Rl-digested AgtlO vectors containing the 
cDNA inserts and 0.1 fig of Eco Rl-digested pBS M13+. The mixtures were de­
natured by incubating at 6S°C for S minutes. The cDNA inserts were subcloned 
into pBS M13+ vectors by incubating the mixtures with 2 units of T4 DNA ligase 
from Bethesda Research Labs, in the presence of 30 mM Tris * HCl, pH 7.4,10 
mM MgCl2, 10 mM DTT, and 1 mM ATP, m a total volume of 20 //I at 12°C 
overnight. Before transforming the E. coli JM 109 competent cells, the ligation 
mixture was diluted with 80 ftl of 0.1 M CaCl2. 
E. coli JM 109 competent cells were prepared as follows: a small piece of 
ice containing JM 109 cells was added to 10 ml of LB (Luria-Bertani) medium 
which contained 10 g of bacto-tiyptone, 5 g of bacto-yeast extract and 10 g of 
NaCl, adjusted to pH 7.5 with 6M NaOH, in a volume of 1 liter. The culture was 
incubated at 37°C overnight with shaking. The resulting culture was transferred 
to 100 ml of firesh LB in a 500 ml flask and further incubated until Aggg was 0.4-
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0.6. The culture was chilled on ice for 20 minutes and transferred to a 250 ml 
centrifuge bottle. The bacterial cells were pelleted by centrifugation at 3,800 xg 
(5,000 rpm) in a JA-14 rotor (J2-21 Beckman centrifuge) for 5 minutes at 4''C. 
The cell pellet was resuspended in 50 ml of ice-cold 0.1 M MgCl2 and the cells 
were repelleted immediately at 3,800 x g for 5 minutes at 4''C. The resulting 
pellet was resuspended in 50 ml of ice-cold 0.1 M CaCl2 and placed on ice for 
20-30 minutes, followed by centrifugation at 1,380 xg (3,000 rpm) for 5 minutes 
at 4°C. The final cell pellet was resuspended in 5 ml of ice-cold 0.1 M CaCl2 and 
stored on ice for 12-24 hours. These then were used as competent cells. 
The competent cells of the E. coli JM 109 strain were transformed with 
the pBS M13+ vector containing the cDNA inserts. The ligation mixture of the 
cDNA and pBS M13+ was added to 200 pil of the prepared competent cells. The 
tube was mixed by gentle shaking and placed on ice for 30 minutes, with occa­
sional shaking. The suspension was heat-shocked by incubating at 42°C for 2 
minutes and immediately returned to ice for a further 30 minutes. Top agar (3 
ml) containing 6 mg/ml of low melting point agarose (Sea Plaque from FMC Bio 
Products, Rockland, Maine) was added to the tube. The tube was incubated at 
37°C for 60-90 minutes with shaking. At the end of the incubation, 50 lA of 10% 
Xgal (5-bromo-4-chloro-3-indolyl galactoside, Sigma, St. Louis, Missouri), dis­
solved in dimethyl formamide, 10 n\ of 100 mM IPTG (isopropyl thiogalactoside, 
Sigma), and 6 /il of 25 mg/ml ampidllin stock solution were added to the tube. 
The tube was vortexed briefly and the contents were poured onto a pre-warmed 
bottom agar plate containing ampicillin. This was kept at room temperature for 
1 hour for solidification, and was incubated at 37'C overnight. 
45 
The bottom agar plates were prepared as follows: 15 g of Bacto-agar was 
dissolved in 1 liter of LB medium by autoclaving. After the autoclaved solution 
was cooled down to about 55''C, 2 ml of 25 mg/ml ampicillin stock solution was 
added followed by inversion of the bottle several times to effect gentle mixing. 
Approximately 25 ml of LB-agar solution containing ampicillin was poured into 
150 X10 mm sterile plastic petri-dish and solidified at room temperature. 
2.13 Plasmid Mini-prep 
White bacterial colonies were selected and placed in 20 ml of LB medium 
including AQfA of 25 mg/ml ampicillin (50 //g/ml of medium). The cultures were 
incubated at 37°C overnight, with shaking, until they were saturated. For later 
use, 5 ml of the saturated cultures were saved as 20% glycerol solutions at -70°C. 
The bacterial cells were centrifuged at 2,000 xg (4,000 rpm) in a JA-20 
rotor (Beckman J2-21 centrifuge) for 10 minutes. The pellet was resuspended in 
450 ywl of glucose buffer containing 25 mM Tris • HCl, pH 8.0, 50 mM glucose, 
and 10 mM EDTA. To this was added 150 fA of lyso^me solution (8 mg/ml 
lysozyme in glucose buffer), which was made fresh just before use. The mixture 
was incubated for 5 minutes at room temperature. The solution was then trans­
ferred to a 15 ml Corex centrifuge tube. At that time 1.2 ml of 0.2 M NaOH with 
1% SDS was added. The solution was mixed and placed on ice for 5 minutes. 
Then 900/<1 of ice-cold potassium acetate and 11.5 ml glacial acetic acid in a 100 
ml volume, was added and the solution was centrifuged for 10 minutes at 12,000 
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X g (10,000 rpm) in a JA-20 rotor at 4°C. The supernatant was poured into a new 
Corex tube. Isopropanol (1.5 ml) was added followed by vortexing. After being 
placed in a -20'*C freezer for IS minutes, the solution was centrifuged at 12,000 
xg for 15 minutes at 4''C. The pellet was resuspended in 400 ii\ of TE buffer (10 
mM Tris * HCl, pH 7.5, and 1 mM EDTA) and transferred to a 1.5 ml microfuge 
tube. 
Plasmid DNA was extracted with phenol/chloroform and precipitated by 
ethanol after 40 yul of 3M sodium acetate, pH 7.4, were added. The resulting 
DNA pellet was resuspended in SO fi\ of TE buffer. An aliquot of 5 fil of the 
mini-prep DNA was digested with Eco RI, treated with DNase-free RNase A (20 
//g/ml), ethanol precipitated, and subjected to 0.8% agarose gel electrophoresis 
in order to determine whether the plasmid contained the cDNA insert. 
2.14 Single-stranded DNA Preparation 
A very small loop of transformed JM 109 cells containing a pBS M13+ 
plasmid with a cDNA insert was inoculated into 2X YT medium (16 g of Bacto-
tryptone, 10 g of Bacto-yeast extract, and 10 g of NaCl in 1 liter, pH adjusted to 
7.4, and sterilized by autoclaving) containing 40;<g/ml ampicillin. The cells were 
grown in a 37°C shaker until the culture reached early log phase (A^ w 0.3). 
Culture supernatant (1 ^1) of the M13K07 helper phage (Pharmacia, Piscat-
away, New Jersey) was added to the culture. The culture was incubated at 37°C 
for 30 minutes with shaking. Approximately 100 ^ 1 of the culture was added to a 
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flask containing 10 ml of fresh 2X YT, 20 fiX of ampicillin stock (20 mg/ml) and 
28 III of kanamycin stock (25 mg/ml). 
After shaking overnight at 3TC, the culture was centrifuged for 5 minutes 
at 3,000 xg (5,000 rpm) in a JA 20 rotor. The supernatant was decanted to a 
fresh tube and centrifuged again. The supernatant was transferred to a 15 ml 
Corex tube and phage particles were precipitated by addition of 2.5 ml of 20% 
polyethylene glycol 6000 and 2.5 M NaCl, followed by incubation on ice for an 
hour. The phage were pelleted by centrifugation for 10 minutes at 7,740 xg 
(8,000 rpm). The phage pellet was resuspended in 500 n\ of TE buffer (10 mM 
Tris * HCl, pH 7.5,1 mM EDTA) and extracted with an equal volume of phenol, 
phenol/chloroform and chloroform, followed by precipitation with ethanol. Af­
ter centrifugation, the single-stranded DNA pellet was resuspended in 50 fA of 
water. A sample of 1 /il was examined on 0.8% agarose gel electrophoresis with 
a single-stranded DNA control (United States Biochemical Corp., Cleveland, 
Ohio). The concentration of the single-stranded DNA was determined by com­
paring the intensity of the bands of the ethidium bromide stained gel. 
2.15 Sequencing 
Single-stranded DNA sequencing was performed by the dideo:^ chain 
termination method (Sanger et al., 1977). [a-^^S] dATP (Biggin et al, 1983) from 
NEN Research Products, Boston, Massachusetts, was used as a radioactive iso­
tope. Sequenase™ (United States Biochemical Corp., Cleveland, Ohio), which 
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is a modified bacteriophage T7 DNA polymerase, as described by Tabor and 
Richardson (1987), was used as an emyme. Taq DNA polymerase (United States 
Biochemical Corp., Cleveland, Ohio) was used for sequencing G-C rich regions 
(Innis et al., 1988). T7 primer (5'-AATACGACrCACTATAG-3') and -40 uni­
versal primer (5'-Gi i i"iCCCAGTCACGAC-3') were purchased from Strata-
gene Inc. (La JoUa, California) and United States Biochemical Corp., respec­
tively. Other oligonucleotide HPLC-purifîed primers were synthesized by an Ap­
plied Biosystems DNA synthesizer in the DNA center, Iowa State University. 
The procedures for the sequencing reaction were as described in the Seque-
nase™ and TAQuence^ protocols from United States Biochemical Corp. 
The ^^S-labelled samples were loaded onto a wedge gel containing 8% 
acrylamide, 0.35% bis-acrylamide, and 8M urea. The electrophoresis was per­
formed at 50 W and 30 mA (1500-1700 V), constant power, for 4-9 hours. After 
electrophoresis, the gel was soaked in 2 liters of 10% acetic acid and 10% 
methanol solution for 30 minutes to remove urea, and dried on a Whatmann 3 
MM paper on a slab gel diyer (Bio-Rad, Richmond, California) at 80°C for 1 
hour. The gel was exposed directly to the X-ray film (Kodak XAR-5) overnight. 
The X-ray fihn was developed by using an automatic film developer (Eastman 
Kodak, Rochester, New York). Nucleotide and amino acid sequences were ana­
lyzed by using the MicroGenie software package program (Beckman Instru­
ments Inc., Palo Alto, California) for the IBM Personal Computer. 
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3 RESULTS 
3.1 PoIyCA)"^  RNA Isolation 
In order to isolate poly(A)^ RNA, total RNAs, prepared from the spleen 
and liver of a chicken of the haplotype, were applied to oligo(dT)-cellulose 
columns. Absorbance of the eluates from the oligo(dT)-cellulose column was 
measured at 260 nm. The plot of absorbance value versus fraction number for 
liver RNA is shown in Figure 3.1. Fractions 1-10 were collected when the appli­
cation buffer (0.5 M liCl, 0.2% sodium dodecyl sulfate and 10 mM triethanol-
amine • HCl, pH 7.4) was added. In high salt buffer, poly(A)"*" RNAs bound to 
the oligo(dT) column while non poly(A)^ RNAs such as rRNAs and tRNAs 
were eluted. The big peak found in fractions 1-3 (Figure 3.1) would correspond 
to those rRNAs and tRNAs. 
In order to remove nonspecifîcally bound RNA to the column, the first 
elution buffer (0.1 M liCl and 10 mM triethanolamine * HCl, pH 7.4) was added. 
The eluates were saved, passed over the column once more, and collected as 1 
ml fractions (fractions 11-20). None of the fractions contained detectable 
amount of RNA. 
Figure 3.1 Absorbance of the eluates firom oligo(dT)-cellulose chromatogra­
phy at 260 nm. Total RNA prepared firom a chicken liver was ap­
plied to the column. Fractions 1-10 were collected when 10 ml of 
application buffer was added to the column. Fractions 11-19 were 
the eluates when the first elution buffer was added. Fractions 20-
30 were collected when the second elution buffer was added 
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Bound poly(A)^ RNAs were eluted out when low ionic strength buffer, 
the second elution buffer (10 mM triethanolamine * HQ, pH 7.4) was added to 
the column. A small peak which appeared in fractions 20-21 represented the 
poly(A)'*^ RNA. The portion of the poly(A)"*' RNA was 2% of the total RNA. 
3.2 Ussue-specific Transcription of B-L 0 Genes 
The B-L 62 domain exon, p234, was used as a probe to study expression 
of the B-L 6 genes by Northern blot analysis of poly(A)^ RNA extracted from 
the spleen and liver of a chicken of the B^ haplotype (Figure 3.2). 
A single band was detected in both spleen and liver poly(A)^ RNA. The 
size of those poly(A)^ RNAs that hybridized to the probe was approximately 1.2 
kb, which is sufficiently long to encode a protein of 28,000 to 29,000 daltons 
(chicken MHC class H 0 chain). A high level of expression seen in spleen, one of 
the lymphoid organs, reflects the fact that this organ contains a large number of 
B cells on which the class n molecules are expressed. A faint signal detected in 
liver is probably due to the presence of macrophage-like cells expressing B-L 
antigens. These results are in good agreement with the number of cells and the 
intensity of immunofluorescence staining detected with the anti B-L monoclonal 
antibody TaPl in these organs (Bourlet et of., 1988). TaPl labelled strongly 
myeloid (macrophage-like) cells in all tissues analyzed but these cells were found 
Figure 3.2 Tissue-specific transcription of the B-L fi genes. Northern blot 
analysis was performed using the B-L fi2 domain probe, p234. 
RNAs tested are: A, 20 fig of total RNA from spleen; B, 4 /«g of 
poly(A)^ RNA from spleen; C, 20 /fg of total RNA from liver; 
and, D, 4 /ig of poly(A) RNA from liver 
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in greater numbers in the spleen around the blood vessels and in the thymic 
medulla than in the liver or bursa of Fabricius (Bourlet et al., 1988). 
33 Analysis of the cDNA Synthesis 
The cDNA synthesized from liver poly(A)^ RNA in the presence of [o-
dCTP was analyzed by alkaline gel electrophoresis followed by autoradiog­
raphy (Figure 3.3). Globin cDNA, about 500 bp in size, was used as a control. 
For a molecular weight marker, end-labelled A DNA digested with Hind m was 
used. The cDNA from chicken liver distributed between 9 kb and 0.5 kb, and the 
globin cDNA migrated at 500 bp, as expected. The results indicated that the re­
actions performed for cDNA synthesis worked properly. 
3.4 Screening the Spleen and Liver cDNA Libraries 
The initial screening of the spleen library (« 18,000 plaques) and the liver 
library (w26,000 plaques) with ^^P-labelled p234 probe detected 30 and 11 posi­
tive clones, respectively. Figure 3.4 shows two examples of resulting autoradio-
grams obtained from screening of spleen and liver cDNA libraries. Duplicate fil­
ters were made from each plate in order to ensure that the positives were not 
due to some artifacts. On the secondary and the tertiary screening, all but one 
Figure 3.3 Preparation of double-stranded cDNAs. ^^P-labelled cDNAs were 
analyzed by 1.4% alkaline agarose gel electrophoresis. The cDNAs 
tested are: A, double-stranded cDNA synthesized from control 
globin mRNA; B, double-stranded cDNA synthesized from liver 
poly(A)"'" RNA. Hind IE-digested A DNA was end-labelled and 
used as a molecular weight standard 
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Figure 3.4 Screening the cDNA libraries using a chicken class II fi2 exon probe. Arrows indicate the 
positive clones of spleen cDNA (Sla) and its duplicate (Sib), and liver cDNA (Lia) and its 
duplicate (Lib) 
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spleen clone were positive, whereas 8 liver clones were positive. A total of 29 
hybridizing clones (S1-S30, with S6 missing) was obtained from the spleen cDNA 
library, and a total of 8 clones (LI, L4, L5, L7, L8, L9, LIO, and Lll) was ob­
tained from the liver cDNA library. 
3.5 DNA Isolation from x Phage Plate Lysates 
The AgtlO vector DNAs, in which the cDNAs were inserted, were isolated 
from A phage lysates. The cDNAs were separated from the vectors by Eco RI di­
gestion followed by 0.8% agarose gel electrophoresis. Pictures were taken of 
ethidium bromide stained gels under a UV light. Figure 3.5 shows the cDNAs 
separated from the left arm (32.7 kb) and the right arm (10.6 kb) of the AgtlO 
vector. In order to determine the size and the concentration of the cDNA in­
serts, various amounts of Hind in digested A DNA were used. The size of the 
cDNAs ranged from 530 bp to 1,000 bp. Two cDNA inserts, SI and S2, showed 
two insert fragments, indicating that the SI and the S2 cDNAs contained an in­
ternal Eco RI site. 
3.6 Hybridization of Transmembrane Probe to the cDNA Clones 
Before performing restriction mapping and sequencing, five cDNA clones 
(S2, S3, S4, S5, and S7) were subjected to Southern blot analysis using the p400 
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probe, which contains the transmembrane exon, in order to ensure that the ob­
tained cDNAs contained B-L fi chain genes. Strong hybridizing bands were de­
tected in all of the cDNAs tested (Figure 3.6) indicating that these cDNAs con­
tained the transmembrane region of the chicken class H 6 chain genes. Of two 
Eco RI fragments of the S2 cDNA, only the larger fragment (800 bp) was found 
to contain the class n transmembrane region (lane 1). The smaller fragment 
(600 bp) was not detected in the autoradiogram. 
3.7 Restriction Mapping of the cDNA Clones 
The AgtlO vectors in which the cDNAs were inserted were digested with 
Eco RI and subjected to preparative agarose gel electrophoresis. Gel slices con­
taining the cDNAs were cut and the cDNAs were recovered from the gel by 
electroelution and purified by phenol/chloroform extraction followed by ethanol 
precipitation. 
The purified cDNAs were digested with various restriction endonucle-
ases. The digests were analyzed by 1.0% agarose gel electrophoresis (Figure 3.7). 
As molecular weight markers, Hind Hi-digested A, Pvu Il-digested A, Bgl Il-di-
gested A 123 bp Ladder, and 1 kb Ladder were used. 
In order to determine the restriction en^rmes that would cut one or two 
sites of the cDNAs, S8 cDNA was digested with ten different en:qrmes, Pst I, 
Hind m, Bam HI, Hha I, Pvu H, Rsa I, Sou 3AI, Taq I, Bgl H, and Ava I (Figure 
Figure 3.5 Eco RI digests of AgtlO vector DNAs containing the cDNA inserts. 
DNA was isolated from A phage plate lysates. The cDNA inserts 
were separated from the left arm (32.7 kb) and the right arm (10.6 
kb) of the AgtlO vectors by Eco RI digestion followed by 0.8% 
agarose gel electrophoresis. Amounts of Hind m-digested A DNA 
used as molecular weight standards were 3 ^g (a), 1.5 ng (b), 0.5 
fji% (c), 0.25 ng (d), 4.4 /ig (e), and 2.2 /ig (f). Lengths of the Hind 
m-digested A fragments are 23,130, 9416, 6682, 4361, 2322, 2027, 
564, and 125 base pairs. A.-D. cDNA clones from spleen; E. cDNA 
clones from liver 
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Figure 3.6 Southern blot analysis of the cDNA clones using ^^P-labelled p400 
as a probe. Lanes 1-5 are S2 cDNA (1), S3 cDNA (2), S4 cDNA 
(3), S5 cDNA (4), and S7 cDNA (5) 
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3.7, S). Of the restriction enzymes tested, Hind m. Bam HI, Pvu n, and Bgl n did 
not cut S8 cDNA. The Hha I digest showed no specific fragments indicating that 
S8 cDNA has many Hha I sites. Rsa I and Sau 3AI digestion of S8 cDNA (Figure 
3.7, S), and S19 cDNA (Figure 3.7, T) showed that these enzymes gave incom­
plete digestion. As a result, Pst I, Ava I, and Taq I were used for single and dou­
ble digestion of the rest of the cDNAs for their restriction maps (Figure 3.7, A-
F). Since these enzymes did not provide differences in the cDNAs, except for S7 
cDNA which has two Ava I sites (Figure 3.7, C and O) instead of one, other en­
emies such as Nar I, Hinf I, Apa I, and Hae HI were added (Figure 3.7, G-R). 
Apa 1 detected two different cDNAs, SIO and Sll, than the rest of the cDNAs. 
SIO and Sll cDNAs do not contain an^/7a 1 site. 
SI and S2 cDNAs have an internal Eco RI site. As shown in Figure 3.5, A, 
Eco RI digestion of the AgtlO vector containing SI cDNA and S2 cDNA gave two 
cDNA fragments. The big fragments (800 bp) are named Sl.l and S2.1. The 
small fragments (600 bp) are called S1.2 and S2.2. The fragments were purified 
individually and digested with restriction enzymes (Figure 3.8, A for Sl.l and 
S1.2; B for S2.1 and S2.2). None of the en^mnes used were able to cut the small 
fragments, S1.2 and S2.2. 
In order to determine the orientation of the two fragments, the AgtlO vec­
tor, containing the S2 cDNA, was subjected to Hind III and Bgl II double diges­
tion. According to the restriction map of AgtlO, shown in Figure 2.2, Hind III and 
Bgl II double digestion should give eight fragments. The size of fragment that 
contained the S2 cDNA insert should be 2,640 bp, the sum of the Hind III - Eco 
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1% agarose gel electrophoresis of restriction eniqrme digests of the 
cDNAs isolated from AgtlO vectors. Molecular weight markers 
used were Hind m-digested A (a), Pvu H-digested A (b), Bgl Il-di-
gestedA (c), 1 kb Ladder (d), and 123 bp Ladder (e). The cDNAs 
and the restriction endonucleases used are shown as follows: 
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DNA Enzyme 
S3 uncut 
S3 Pstl 
S3 Ava I 
S3 Taql 
S3 Pst I + Ava I 
S3 Ava I + Taq I 
53 Pst I + Taq I 
54 uncut 
S4 Pstl 
S4 Ava I 
S4 Taql 
S4 Pst I + Ava I 
S4 Ava I + Taq I 
S4 Pst I + Taq I 
S19 Taql 
S19 Ava I + Taq I 
S19 Pstl-v Taql 
Lane DNA Enzyme 
1 S3 Pst I + Ava I 
2 S4 Pst I + Ava I 
3 SB Pst I + Ava I 
4 S19 Pst I + Ava I 
5 S3 Ava I + Taq I 
6 S4 Ava I + Taq I 
7 S8 Aval+.Taq I 
8 S19 Ava I + Taq I 
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Lane DNA Enzvme Lane DNA Enzvme 
1 S5 Pstl 1 85 uncut 
2 S7 Pstl 2 87 uncut 
3 S9 Pstl 3 89 uncut 
4 SIO Pstl 4 810 uncut 
5 SU Pstl 5 811 uncut 
6 S5 Aval 6 85 Taql 
7 87 Aval 7 87 Taql 
8 89 Aval 8 89 Taql 
9 810 Aval 9 810 Taql 
10 811 Aval 10 811 Taql 
11 85 Pst I + Ava I 11 85 Ava I + Taq I 
12 87 Pst I + Ava I 12 87 Ava I + Taq I 
13 89 Pst I + Ava I 13 89 Ava I + Taq I 
14 810 Pst I + Ava I 14 810 Ava I + Taq I 
15 811 Pst I + Ava I 15 811 Ava I + Taq I 
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L^ne DNA Enzyme Lane DNA Enzyme 
1 S12 uncut 1 S15 uncut 
2 S13 uncut 2 S16 uncut 
3 S14 uncut 3 S17 uncut 
4 S12 Pstl 4 S15 Pstl 
5 S13 Pstl 5 S16 Pstl 
6 S14 Pstî 6 S17 Pstl 
7 S12 Aval 7 S15 Aval 
8 S13 Aval 8 S16 Aval 
9 S14 Aval 9 S17 Aval 
10 S12 Taql 10 S15 Taql 
11 S13 Taql 11 S16 Taql 
12 S14 Taql 12 S17 Taql 
13 S12 Pst I + Ava I 13 S15 Pstl + Aval 
14 S13 Pst I + Ava I 14 S16 Pst I + Ava I 
15 S14 Pst I + Ava I 15 S17 Pst I + Ava I 
16 S12 Ava I + Tag I 16 S15 Ava I + Taq I 
17 S13 Ava I + Tag I 17 S16 Ava I + Taq I 
18 S14 Ava I + Tag I 18 S18 Ava I + Taq I 
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G H 
DNA Enzvme L^nç DNA Enzyme 
S18 uncut 1 S21 Pstl 
S18 Narl 2 S21 Apal 
S18 Hinfl 3 S21 Taql 
SIS Pstî 4 S22 uncut 
S18 Apal 5 S22 Narl 
S18 Taql 6 S22 Hinfl 
S20 uncut 7 S22 Pstl 
S20 iVorl 8 S22 Apal 
S20 Hmfl 9 S22 Taql 
S20 Pstl 10 S23 uncut 
S20 Apal 11 S23 Narl 
S20 Taql 12 S23 Hinfl 
S21 uncut 13 S23 Pstl 
S21 Narl 14 S23 Apal 
S21 Hinfl 15 S23 Taql 
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Lane DNA Enzvme Wie DNA Enzymç 
1 S25 uncut 1 S27 Hinfl 
2 S25 Pstl 2 S28 uncut 
3 S25 Aval 3 S28 Afl 
4 S25 Tag I 4 S28 Aval 
5 S25 Apal 5 S28 Taql 
6 S25 Hinfl 6 S28 Apal 
7 S26 uncut 7 S28 Hinfl 
8 S26 Pstl 8 S29 uncut 
9 S26 Aval 9 S29 Pstl 
10 S26 Taql 10 S29 Aval 
11 S26 Apal 11 S29 Taql 
12 S26 Hinfl 12 S29 Apal 
13 S27 uncut 13 S29 Hinfl 
14 S27 Pstl 14 S30 uncut 
15 S27 Aval 15 S30 Pstl 
16 S27 Taql 16 S30 Aval 
17 S27 Apal 17 S30 Taql 
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DNA Enzvme Lanç DNA Enzvme 
S3 Apa\ 1 SU Narl 
S3 Hinfl 2 SU Apal 
S4 Apal 3 su Hinfl 
S4 Hinfl 4 S14 Narl 
S7 Narl 5 S14 Apal 
S7 Apal 6 S14 Hinfl 
S7 Hinfl 7 S15 Narl 
S8 Apal 8 S15 Apal 
S8 Hinfl 9 S15 Hinfl 
S9 Apal 10 S17 Narl 
S9 Hinfl 11 S17 Apal 
SIC Narl 12 S17 Hinfl 
SIO Apal 13 S19 Apal 
SIC Hinfl 14 S19 Hinfl 
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M N 
DNA Enzyme 
LI uncut 
L4 uncut 
L5 uncut 
LI PstI 
lA Pstl 
L5 Pstl 
LI Hae m 
lA Hae III 
L5 Haem 
LI Aval 
L4 Aval 
L5 Aval 
LI Pst I + Ava I 
L4 Pstl+ Ava I 
L5 Af I + Ava I 
LI Hae HI + Ava I 
L4 Hae HI + Ava I 
L5 Hae HI + Ava I 
Lane DNA Enzyme 
1 L7 uncut 
2 L8 uncut 
3 L9 uncut 
4 L7 uncut 
5 L8 uncut 
6 L9 Taql 
I L7 Taql 
8 L8 Taql 
9 L9 Taql 
10 L7 Aval 
II L8 Ava I 
12 L9 Aval 
13 L7 Pst I + Ava I 
14 L8 Pstl + Ava I 
15 L9 Pst I + Ava I 
16 L7 Hae III + Ava I 
17 L8 Hae III + Ava I 
18 L9 Hae III + Ava I 
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Figure 3.7 Continued 
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Lftnç DNA Enzyme DNA Enzvme 
1 L1 Taql 1 L1 Af I + Hae III 
2 lA Taql 2 L4 Pst I + Hae III 
3 L5 Taql 3 L5 Pst I + Hae m 
4 L7 Taql 4 L7 Pst I + Hae III 
5 L8 Taql 5 L8 Pst I + Hae III 
6 L9 Taql 6 L9 Pst I + Hae III 
7 L1 Ava I + Taq I 
8 L4 Ava I + Taq I 
9 L5 Ava I + Taq I 
10 L7 Ava I + Taq I 
11 L8 Ava I + Taq I 
12 L9 Ava I + Taq I 
13 L7 uncut 
14 L7 Pstl 
15 L7 Aval 
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L^ne DNA Enzvme Lanç DNA Enzvme 
1 S30 Apal 1 L1 Apal 
2 S30 Hinfl 2 L1 Hinfl 
3 LIO uncut 3 lA Apal 
4 LIO Pstl 4 lA Hinfl 
5 LIO Aval 5 L5 Apal 
6 LIO Taql 6 L5 Hinfl 
7 LIO Apal 7 L7 Apal 
8 LIO Hinfl 8 L7 Hinfl 
9 LU uncut 9 L8 Apal 
10 LU Pstl 10 L8 Hinfl 
11 LU Aval 11 L9 Apal 
12 LU Taql 12 L9 Hinfl 
13 LU Apal 13 S3 Pst I + Ava I 
14 LU Hinfl 14 S9 Pst I + Ava I 
15 S21 Pst I + Ava I 
16 S26 Pst I + Ava I 
17 S27 Pst I + Ava I 
18 LU Pst I + Ava I 
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Lane DNA Enzyme DNA Enzvme 
1 S8 Pst I 1 SB uncut 
2 SB Hind m 2 SB Pst I 
3 SB Bam HI 3 SB Aval 
4 SB Hhal 4 SB Taql 
5 SB Pvu n 5 SB Rsal 
6 SB Rsa\ 6 SB Sau 3 AI 
7 SB Sau 3 AI 7 SB Pst I + Ava I 
8 SB Taq I B SB Ava I + Taq I 
9 SB Bgin 9 SB Pstl + Taql 
10 SB Aval 10 S19 uncut 
11 S19 Pst I 
12 S19 Aval 
13 S19 Taql 
14 S19 Rsa I 
15 S19 Sau 3 AI 
16 S19 Pst I + Ava I 
17 S19 Ava I + Taq I 
IB S19 Pst I + Taq I 
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RI fragment (240 bp), Eco RI - Eco RI fragment (1,500 bp), and Eco RI - Bgl II 
fragment (900 bp). The fîfrh band in lane 3 of Figure 3.8 C corresponded to the 
2,640 bp fragment. DNA was isolated from that band (Figure 3.8 D) and sub­
jected to restriction enzyme digestion with Eco RI, Pst l^Ava I, Taq I, Apa I, and 
Hinfl (Figure 3.8 E). The pattern of the restriction ens^me digests of the 2,640 
bp Hind m - Bgl n fragment fit one possible orientation for S2.1 and S2.2, that 
is, S2.2 being attached to the site near to \}a&Ava I site of S2.1. 
The results of the restriction mapping for 29 spleen cDNA clones and 8 
liver cDNA clones are shown in Figure 3.9. The majority of the cDNAs (34 out 
of 37 cDNAs), including S19 and S3 cDNAs, which are the largest, have the 
same restriction maps. Three cDNAs, S7, SIO, and Sll cDNAs, are different 
from the majority of the cDNAs. S7 cDNA has two i4va I sites instead of one. 
SIO and Sll cDNAs lack the Apa I site. These results indicate that there are at 
least three families of cDNAs coding for the B-L fi chain molecules isolated 
from the spleen and liver of the chicken of the haplo^e. 
There might be more than three families of cDNAs since it is possible 
that the sites of the difrerences might not have been detected by the restriction 
emymes tested. The accurate number of families could only be provided by se­
quencing all of the cDNA clones, which would take a long time. In this disserta­
tion, the results of sequencing analysis are presented for the following cDNAs: 
S19 cDNA, S3 cDNA, S7 cDNA, SIO cDNA, the largest cDNAs in each family, 
and LI cDNA, the largest cDNA from liver. Even though the restriction maps of 
all the liver cDNAs turned out to be the same as most of the spleen cDNA 
Figure 3.8 Restriction mapping of SI and S2 cDNAs 
A. 1% agarose gel electrophoresis of the restriction en^me digests 
of 900 bp Eco RI fragment (Sl.l, lanes 1-6) and 600 bp Eco RI 
fragment (S1.2, lanes 7-12) of the SI cDNA 
B. 1% agarose gel electrophoresis of the restriction en^me digests 
of 900 bp Eco RI fragment (S2.1, lanes 1-6) and 600 bp Eco RI 
fragment (S2.2, lanes 7-12) of the S2 cDNA. Uncut cDNAs were 
loaded in lanes 1 and 7. Restriction endonucleases used were Pst I 
(lanes 2 and 8), Ava I (lanes 3 and 9), Taq I (lanes 4 and 10), Apa I 
(lanes S and 11), and Hinf I (lanes 6 and 12). 123 bp Ladder was 
used as a molecular weight marker 
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Figure 3.8 Continued 
C.Hind m and Bgl n double digestion of the AgtlO vector con­
taining the S2 cDNA inserted in its Eco RI site (lane 3). 2,640 bp 
fragment which contains the S2 cDNA is circled. As molecular 
weight standards, Hind Ill-digested X (lane 1) and 1 kb Ladder 
(lane 2) were used 
D. Isolated 2,640 bp Hind in - Bgl II fragment (indicated by an ar­
row). Hind in-digested A was loaded as a marker 
E. Restriction enzyme digests of the 2,640 bp Hind III - Bgl II 
fragment. Uncut DNA was loaded in lane 1. Restriction endonu-
cleases used were Eco RI (lane 2), Pst I (lane 3), Ava I (lane 4), 
Taq I (lane 5), Apa I (lane 6), and Hinf I (lane 7). 123 bp Ladder 
and Ikb Ladder were used as molecular weight markers 
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Figure 3.9 Restriction maps of the spleen cDNA clones (S1-S30), the liver 
cDNA clones (Ll-Lll), the CCII-4 gene, and the CCn-7 gene. Re­
striction maps of the CCn-4 and CCn-7 exons were obtained from 
the sequencing data by Xu et al. (1989). Sites for restriction en-
donucleases are indicated as T (Tag I), A (Apa I), H (Hinf I), P 
(Pst I), and Av (Ava I). The clones in boxes were fully sequenced 
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clones, including the S19 cDNA, one of the liver clones was subjected to se­
quencing. 
The CCn-4 and CCn-7 genes are the genomic genes coding for the chick­
en MHC fi chain molecules obtained by screening a genomic library from sperm 
DNA from an individual of the inbred chicken line G-B2, MHC haplotype 
(Xu et al., 1989). The restriction maps of the cDNAs were compared to those of 
the coding sequences of the CCn-4 and the CCn-7 genes. The restriction map of 
the CCn-4 exons was the same as those of the SIO and Sll cDNAs and was dif­
ferent from the rest of the cDNAs since it lacked the^/;a I recognition site. The 
CCII-7 gene was different from any of the cDNAs because it had a Hinfl site in 
between the Tag I and the^va I sites. Whether the CCII-4 and the SIO genes are 
the same genes or not was determined by DNA sequencing. As discussed later, 
the SIO cDNA sequence was different from the CCII-4 coding sequence. 
Figure 3.10 shows the cDNA clones subcloned into the pBS M13+ vector. 
After the competent cells of the E. coli JM 109 strain were transformed by the 
recombinant pBS M13+ vectors, which contained the cDNA inserts, the white 
colonies were selected, and the prepared plasmid DNAs were tested for the 
presence of the cDNA inserts. As shown in Figure 3.10, the cDNAs which were 
successfully subcloned into the pBS M13+ vectors were the following: S1.2 (A, 
lane 1), Sl.l (A, lanes 3 and 4), S3 (A, lane 7), S4 (A, lanes 8 and 9), S5 (A, lanes 
10 and 11), S7 (B, lanes 2 and 4), SIO (C, lane 1), Sll (C, lanes 7, 8, 9,10, and 
12), S19 (D, lanes 1-7), and LI (E, lanes 1,2,4,5, and 7). 
Figure 3.10 Subcloning some of the cDNAs into the pBS M13 + vector. 5 n\ of 
the mini-prep DNA was digested with Eco RI, treated with 20 
;<g/ml of DNase-free RNase A, ethanol precipitated, and sub­
jected to 0.8% agarose gel electrophoresis. Hind Hi-digested A 
DNA served as a molecular weight marker. The pBS M13+ vector 
was loaded along with the mini-prep DNAs as a control, indicated 
as V. Lengths of the Hind IE-digested A fragments are 23130,9416, 
6682,4361,2322,2027,564, and 125, in base pairs. The cDNA in­
serts are indicated by arrows 
A. Subcloning of S1.2 (lane 1), Sl.l (lanes 2-5), S3 (lanes 6 and 7), 
S4 (lanes 8 and 9), S5 (lanes 10 and 11), and S7 (lanes 12 and 13) 
cDNAs 
B. Subcloning of S7 (lanes 1-6) cDNA 
C. Subcloning of SIO (lanes 1-6) and Sll (lanes 7-12) cDNAs 
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Figure 3.10 Continued 
D. Subcloning of S19 (lanes 1-7) cDNA 
E. Subcloning of LI cDNA (1-7) 
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3.8 Nucleotide Sequence Determination of cDNAs Encoding the B-L S Chain 
The complete nucleotide sequences and the predicted amino acid se­
quences of the cDNA clones encoding B-L Û molecules were determined and are 
shown in Figure 3.11, Figure 3.12, Figure 3.13, and Figure 3.14. The S19 cDNA 
(Figure 3.11) contained a 5' untranslated region of six nucleotides, an open 
reading frame of 789 nucleotides, and a 3' untranslated region of 143 bp, fol­
lowed by a poly A tail. The total length of the S19 cDNA was 956 bp. The open 
reading frame started with the initiation codon ATG and was terminated by the 
stop codon TAG. 
The sequence shows the ^ical MHC class H Û chain gene structure. The 
open reading frame encodes the leader peptide of 31 residues, most of which are 
hydrophobic amino acids, and the entire fi chain sequence of 232 residues, with 
81, fi2, transmembrane, and cytoplasmic domains. The conserved TGC codons 
for Cys, which forms the disulfide bridges of the 01 and 02 domains are present. 
The N-linked glycosylation site (Asn, X, Ser/Thr) is also found at residues 14-16 
(Asn 14, Gly 15, and Thr 16) in the Û1 domain. The nucleotide sequence of S3 
cDNA was also determined (data not shown). It had exactly the same sequence 
as S19 cDNA, but it lacked the first 15 bp, including the 5' untranslated region 
and the initiation codon. 
Shown in Figure 3.12 is the nucleotide and the predicted amino acid se­
quences of the SIO cDNA The length of the SIC cDNA was 767 bp, 189 bp 
shorter than the S19 cDNA. The SIO sequence lacked the leader peptide and the 
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first 30 amino acid residues of the 81 domain. The SIO cDNA was found to be 
digèrent from the S19 cDNA at znApa I recognition site. 
The nucleotide sequence of the SIO cDNA shows that there is only one 
nucleotide difference (shown as an asterisk in Figure 3.12) in the 61 domain 
when compared to the S19 cDNA When it was compared to the coding se­
quences of the CCn-4 genomic DNA, as many as 25 different nucleotides were 
detected. Because of a substitution of ^^^*0 in S19 to in SIO, the Apa I 
recognition site ^^GGGCCC of S19 was changed to ^GTGCCC of SIO, re­
sulting in the failure oiApa I to cut the SIO cDNA This nucleotide substitution 
caused an amino acid difference. While ^^GGG codes for Gly 72 in S19, 
^GTG codes for Val in SIO cDNA When the amino acid sequences of seven 
class n Û chain molecules were compared (Figure 3.17), the Gly 72 residue was 
found to be one of the most polymorphic residues. 
The nucleotide and the predicted amino acid sequence of S7 cDNA is 
shown in Figure 3.13. The size of the S7 cDNA was 677 bp. The S7 sequence 
lacked the leader peptide, the 61 domain, and the first 24 amino acid residues of 
the 62 domain. The S7 cDNA was found to be different in its restriction map be­
cause it had two Ava 1 recognition sites (CPyCGPuG) instead of one. Up to 432 
bp, the S7 sequence was identical to the S19 sequence. After that point, the S7 
cDNA had totally different sequences at the 3' end. The sequencing data re­
vealed tfioAva I sites (marked as underlines in Figure 3.13), both of them in the 
3' untranslated region. The 3' untranslated region of the S7 cDNA was 307 bp 
long, which was 164 bp longer than those of the S19 and SIO cDNAs. The com­
mon polyadenylation signal AATAAA was not found in the S7 cDNA A modi 
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5UT ILP 
GCAGCC (ÂTGjGGG AGC GGG CGC GTC CCG GCG GCG GGG GCC 39 
M G S G R V P A A G A  
-31 
GTG CTG GTG GCA CTG CTG GCG CTG GGA GCC CGG CCG GCC 78 
V L V A L L A L G A R P A  
Jfll 
GCC GGC ACG CGG CCC TCG GCG TTC TTC TTC TAC GGT GCG 117 
A G T R P S A F F F Y G A  6  
-1 1 
ATA GGT GAG TGC CAC TAC CTG AAC GGC ACC GAG CGG GTG 156 
I G E © H Y L IN G f) E R V 19 
AGG TAT CTG GAC AGG GAA ATC TAC AAC CGG CAG CAG TAC 195 
R Y L D R E I Y N R Q Q Y  3 2  
GCG CAC TTC GAC AGC GAC GTG GGG AAA TTT GTG GCC GAT 234 
A H F D S D V G K F V A D  4 5  
ACA CCG CTG GGT GAG CCG CAA GCT GAA TAC TGG AAC AGC 273 
T P L G E  P Q A E Y W N S  5 8  
primer , 
AAC GCC GAG CTT CTG GAG AAC CTA ATG AAT ATA GCG GAC 312 
N A E L L E N L M N I A D  7 1  
Figure 3.11 Nucleotide and predicted amino acid sequence of a spleen B-L Û 
cDNA clone, S19. Residues in boxes denote the initiation codon, 
the carbohydrate attachment site, the stop codon, and the poly-
adenylation signal site. Conserved cysteine residues are within 
circles. Arrows indicate domain boundaries 
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GGG CGC TGG GGG GAG AAG TAG GGG ATT CTG GAG TGG TTC 351 
G P © R H N Y G I L E S F  8 4  
102 
AGG GTG GAG AGG AGG GTG GAG CGC AAG GTG AGG GTC TGG 390 
T V Q R S V E P K  V R V S  9 7  
GGG CTG GAG TGG GGG TGG GTG CGC GAA AGG GAG GGT CTG 429 
ALQSGSLPETDRL 110 
GGG TAG GTG AGG GGG TTC TAG GGG CCG GAG ATC GAG 468 
A©YVTGFYPPEIE 123 
GTG AAG TGG TTC CTG AAC GGG GGG GAG GAG ACG GAG CGC 507 
VKWFLNGREETER 136 
GTG GTG TGG AGG GAG GTG ATG GAG AAG GGG GAG TGG ACG 546 
VVSTDVMQNGDWT 149 
primer 
TAG GAG GTG CTG GTG GTG CTG GAG ACG GTG GGG GGG CGC 585 
Y Q V L V V L E T V P R R 1 6 2  
GGG GAG AGG TAG GTG TGG GGG GTG GAG CAC GCC AGG CTG 624 
G D S Y V © R V E H A S L  1 7 5  
|TM 
GGG GAG CGC ATC AGG GAG GGG TGG GAG CCT CCG GGG GAG 663 
R Q P I  S Q A W E P P A D  1 8 8  
GGG GGG AGG AGG AAG CTG CTG ACG GGG GTG GGG GGG TTC 702 
AGRSKLLTGVGGF 201 
Figure 3.11 Continued 
I l l  
GTG CTG GGG CTC GTC TTC CTG GCG CTG GGG CTC TTC GTG 741 
V L G L V F L A L G L F V  2 1 4  
iCY-I 
TTC CTG CGC GGT CAG AAA GGG CGC CCC GTC GCC GCC GCT 780 
F L R G Q K G R P V A A A 2 2 7  
ICY-II 3UT 
CCA GGG ATG CTG AAT iTAGj CTGCTGCCCCGCCGAGCCGCTGCACCC 825 
P G M L N U 233 
GCACCCCCCGCTCTCCCGGCCGTCGCCTCGGCTCTCCCTCGGGCTGCCACC 876 
GCGTCCGTTGGAGATGTCGCCACGATGCACGCTTCGTCCCCATCCIjAATAA 927 
^GCGCTGACTTTGAAAAAAAAAAAAAAA 956 
Figure 3.11 Continued 
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CA6 TAC 6CG CAC TTC GAC AGC GAC GTG GGG AAA TTT GTG 39 
Q Y A H F D S D V G K F V  
GCC GAT ACA CCG CTG GGT GAG CCG CAA GCT GAA TAC TGG 78 
A D T P L G E P Q A E Y W  
AAC AGC AAC GCC GAG CTT CTG GAG AAC CTA ATG AAT ATA 117 
N S N A E L L E N L M N I  
* 
GCG GAC GTG CCC TGC CGG CAC AAC TAC GGG ATT CTG GAG 156 
A D V P C R H N Y G I L E  
)B2 
TCC TTC ACG GTG CAG AGG AGC GTG GAG CCC AAG GTG AGG 195 
S F T V  Q R S V E P K V R  
GTC TCG GCG CTG CAG TCG GGC TCC CTG CCC GAA ACC GAC 234 
V S A L Q S G S L P E T D  
CGT CTG GCG TGC TAC GTG ACG GGC TTC TAC CCG CCG GAG 273 
R L A C Y V T G F Y P P E  
ATC GAG GTG AAG TGG TTC CTG AAC GGG CGG GAG GAG ACG 312 
l E V K W F L N G R E E T  
GAG CGC GTG GTG TCC ACG GAC GTG ATG CAG AAC GGG GAC 351 
E R V V S T D V M Q N G D  
Figure 3.12 Nucleotide and predicted amino acid sequence of a spleen B-L fi 
cDNA clone, SIO. An asterisk denotes difference when compared 
tpS19 
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primer 
TGG ACG TAC CAG GTG CTG GTG GTG CTG GAG ACC GTC CCG 390 
W T Y Q V L V V L E T V P  
CGG CGC GGG GAC AGC TAC GTG TGC CGG GTG GAG CAC GCC 429 
R R G D S Y V C R V E H A  
ITM 
AGC CTG CGG CAG CCC ATC AGC CAG GCG TGG GAG CCT CCG 468 
S L R Q P I S Q A W E P P  
GCG GAC GCG GGC AGG AGC AAG CTG CTG ACG GGC GTG GGG 507 
A D A G R S K L L T G V G  
GGC TTC GTG CTG GGG CTC GTC TTC CTG GCG CTG GGG CTC 546 
G F V L G L V F L A L G L  
1CY-I 
TTC GTG TTC CTG CGC GGT CAG AAA GGG CGC CCC GTC GCC 585 
F V F L R G Q K G R P V A  
ICY-II 3'UT 
GCC GCT CCA GGG ATG CTG AAT TAG CTGCTGCCCCGCCGAGCCG 628 
A A P G M L N U  
CTGCACCCGCACCCCCCGCTCTCCCGGCCGTCGCCTCGGCTCTCCCTCGGG 679 
CTGCCACCGCGTCCGTTGGAGATGTCGCCACGATGCACGCTTCGTCCCCAT 730 
CCTAATAAACGCGCTGACTTTGAAAAAAAAAAAAAAA 767 
Figure 3.12 Continued 
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02 
GTG ACG GGC TTC TAC CCG CCG GAG ATC GAG GTG AAG TGG 39 
V T G F Y P P E I E V K W  
TTC CTG AAC GGG CGG GAG GAG ACG GAG CGC GTG GTG TCC 
F L N G R E E T E R V V S  
78 
ACG GAC GTG ATG CAG AAC GGG GAC TGG ACG TAC CAG GTG 
T D V M Q N G D W T Y Q V  
117 
CTG GTG GTG CTG GAG ACC GTC CCG CGG CGC GGG GAC AGC 156 
L V V L E T V P R R G D S  
TAC GTG TGC CGG GTG GAG CAC GCC AGC CTG CGG CAG CCC 195 
Y V C R V E H A S L R Q P  
primer ITM 
ATC AGC CAG GCG TGG GAG CCT CCG GCG GAC GCG GGC AGG 234 
I S Q A W E P P A D A G R  
AGC AAG CTG CTG ACG GGC GTG GGG GGC TTC GTG CTG GGG 273 
S K L L T G V G G F V L G  
CTC GTC TTC CTG GCG CTG GGG CTC TTC GTG TTC CTG CGC 
L V F L A L G L F V F L R  
312 
j CY-I 1CY-II 
GGT CAG AAA GGG CGC CCC GTC GCC GCC GCT CCA GGG ATG 
G Q K G R P V A A A P G M  
351 
Figure 3.13 Nucleotide and predicted amino acid sequence of a spleen B-L Û 
cDNA clone, S7. Brackets denote the region which is different 
from the S19 cDNA. The two^va I sites are underlined 
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3'UT 
CT6 AAT TAG CTGCTGCCCCGCCGA6CCGCTGCACCC6CACCCCCCGCT 399 
L N U 
CTCCCGGCCGTCGCCTCGGCTCTCCCTCGGGCT[CCACCCCCCCCGTGCCG 449 
, primer 
CCCCTTTGCCGCCGCATCGCCCGCTCTGTACCCTCCCCAAGAAGTCGCTCA 500 
GACGGCGTCGCGTTGTCTGCACATCCTCGGGGACCGTCTGTTGTGCGGCAG 551 
CAGGGGAGGGGAGCGGGCGGTCTGTGCTCTTCTGTTCCCTTCAGTACAAGA 602 
AGGTGGTTTGGGTTCTTTAACCAAATATACTCTTTTTTTTTGCATAAAATC 653 
ACCAGAAGGAAAACAAAAAAAAAA] 677 
Figure 3.13 Continued 
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LP 
G66 CGC GTC CCG GCG GCG GGG GCC GTG CTG GTG GCA CTG 39 
G R V P A A G A V L V A L  
-28 
CTG GCG CTG GGA GCC CGG CCG GCC GCC GGC ACG CGG CCC 78 
L A L G A R P A A G T R P  
IBl 
TCG GCG TTC TTC TTC TAC GGT GCG ATA GGT GAG TGC CAC 117 
S A F F F Y G A I G E C H  1 1  
-1 1 
TAC CTG AAC GGC ACC GAG CGG GTG AGG TAT CTG GAC AGG 156 
Y L N G T E R V R Y L D R  2 4  
GAA ATC TAC AAC CGG CAG CAG TAC GCG CAC TTC GAC AGC 195 
E I Y N R Q Q Y A  H F D S  3 7  
GAC GTG GGG AAA TTT GTG GCC GAT ACA CCG CTG GGT GAG 234 
D V G K F V A D T P L G E  5 0  
primer ' , 
CCG CAA GCT GAA TAC TGG AAC AGC AAC GCC GAG CTT CTG 273 
P Q A E Y W N S N A E L L  6 3  
GAG AAC CTA ATG AAT ATA GCG GAC GGG CCC TGC CGG CAC 312 
E N L M N I A D G P C R H  7 6  
AAC TAC GGG ATT CTG GAG TCC TTC ACG GTG CAG AGG AGC 351 
N Y G  I L E S F T V Q R S  8 9  
Figure 3.14 Nucleotide and predicted amino acid sequence of a liver B-L 0 
cDNA clone, LI. LI cDNA has the identical sequence to S19 
cDNA but is 15 bp shorter 
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1B2 
GTG GAG CCC AAG GTG AGG GTC TCG GCG CTG CAG TCG GGC 390 
V E P K V R V S A L Q S G 1 0 2  
TCC CTG CCC GAA ACC GAC CGT CTG GCG TGC TAC GTG ACG 429 
SLPETDRLACYVT 115 
GGC TTC TAC CCG CCG GAG ATC GAG GTG AAG TGG TTC CTG 468 
GFYPPEIEVKWFL 128 
AAC GGG CGG GAG GAG ACG GAG CGC GTG GTG TCC ACG GAC 507 
N G R E E T E R V V S T D  1 4 1  
primer , 
GTG ATG CAG AAC GGG GAC TGG ACG TAC CAG GTG CTG GTG 546 
V M Q N G D W T Y Q V L V  1 5 4  
GTG CTG GAG ACC GTC CCG CGG CGC GGG GAC AGC TAC GTG 585 
VLETVPRRGDSYV 167 
TGC CGG GTG GAG CAC GCC AGC CTG CGG CAG CCC ATC AGC 624 
C R V E H A S L R Q P I S  1 8 0  
ITM 
CAG GCG TGG GAG CCT CCG GCG GAC GCG GGC AGG AGC AAG 663 
Q A W E P P A D A G R S K  1 9 3  
CTG CTG ACG GGC GTG GGG GGC TTC GTG CTG GGG CTC GTC 702 
LLTGVGGFVLGLV 206 
TTC CTG GCG CTG GGG CTC TTC GTG TTC CTG CGC GGT CAG 741 
F L A L G L  F V F L R G Q 2 1 9  
Figure 3.14 Continued 
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iCY-I ICY-n 
AAA GGG CGC CCC GTC GCC GCC GCT CCA GGG ATG CTG AAT 780 
KGRPVAAAPGHLN 232 
3UT 
TAG CTGCTGCCCCGCCGAGCCGCTGCACCCGCACCCCCCGCTCTCCCGGC 830 
U 
CGTCGCCTCGGCTCTCCCTCGGGCTGCCACCGCGTCCGTTGGAGATGTCGC 881 
CACGATGCACGCTTCGTCCCCATCCTAATAAACGCGCTGACTTTGAAAAAA 932 
AAAAAAAAA 941 
Figure 3.14 Continued 
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£ied form of AATAAA, ATAAA, was located near the poly(A) tail and thus is a 
possible site for the polyadenylation signal. 
Figure 3.14 shows the nucleotide and the amino acid sequences of LI 
cDNA. The LI cDNA was 941 bp long, IS bp shorter than the S19 cDNA. The 
LI cDNA lacked the 5' untranslated region and the first three amino acid 
residues. The sequence of the LI cDNA was identical to those of the S19 and S3 
cDNAs, indicating that they belong to the same family. 
3.9 Comparison of the B-L 0 Chain Sequences from the Chicken 
The coding sequences of the fil domain, the fi2 domain, the transmem­
brane domain, and the cytoplasmic domains of the CCII-4 and the CCn-7 ge­
nomic clones were compared to the sequences of the S19 cDNA clone. Align­
ment of Û chain nucleotide sequences of S19 and CCn-4 (Figure 3. IS), and that 
of S19 and CCn-7 (Figure 3.16) showed that the S19 gene was different from ei­
ther CCII-4 or CCII-7. The S19 sequences shared very high homolo^ (99.6 per­
cent) with CCII-7 sequences. There were only three nucleotide differences be­
tween the S19 and the CCII-7 genes, two of them in the 61 domain and one in 
the transmembrane domain. A change of ^^C to A caused an amino acid dif­
ference: ^^GAC (Asp) —> GAA (Glu). Even though they are different amino 
acids, the acidic nature remains the same. A change of ^^^A to C was a silent 
substitution because both of the codons, ^^^AGG and CGG, code for Arginine. 
A change of ^^^C to A in the transmembrane domain, however, caused a change 
120 
Ifli 
TTCTTCTTCTACG6T6C6ATA66T6A6T6CCACTACCT6AAC6GCACC6A 134 
m i l l  I I Ml i i i i i i i i i i i i i i i i i i i i i i i i i i  
TTCTTCCAGTGGACTTTTAAAGCAGAGTGCCACTACCTGAACGGCACCGA 
GCGGGTGAGGTATCTGGACAGGGAAATCTACAACCGGCAGCAGTACGCGC 184 
M i l l  M i l l  M i n i  M l  I  M M M M M M M M M I  I  M  
GCGGGCGAGGTTTCTGGAGAGGCACATCTACAACCGGCAGCAGTTCATGC 
ACTTCGACAGCGACGTGGGGAAATTTGTGGCCGATACACCGCTGGGTGAG 234 
M M M M M M M M M M M M  M M M M M M M M M M M M  
ACTTCGACAGCGACGTGGGGAAATACGTGGCCGATACACCGCTGGGTGAG 
CCGCAAGCTGAATACTGGAACAGCAACGCCGAGCTTCTGGAGAACCTAAT 284 
I  M  I I M M  M M M M M M M M M I  M M M M  M  M l  
CGTCAGGCTGAAATCTGGAACAGCAACGCCGAGATTCTGGAGGACGAAAT 
GAATATAGCGGACGGGCCCTGCCGGCACAACTACGGGATTCTGGAGTCCT 334 
M M  M  M l  I  M M M M M M M M M I  M  M M M M  
GAATGCAGTGGATACGTTCTGCCGGCACAACTACGGGGTTGGGGAGTCCT 
IQ2 
TCACGGTGCAGAGGAGCGTGGAGCCCAAGGTGAGGGTCTCGGCGCTGCAG 384 
M M M M M M M M M M M M M M M M M M M M M M M M M  
TCACGGTGCAGAGGAGCGTGGAGCCCAAGGTGAGGGTCTCGGCGCTGCAG 
TCGGGCTCCCTGCCCGAAACCGACCGTCTGGCGTGCTACGTGACGGGCTT 434 
M M M M M M M M M M M M M M M M M M M M M M M M M  
TCGGGCTCCCTGCCCGAAACCGACCGTCTGGCGTGCTACGTGACGGGCTT 
Figure 3.15 Alignment of the nucleotide sequence of S19 (upper line) to CCII-
4. The CCII-4 sequences were from Xu et al. (1989) 
Matches=653, Mismatches=43, Unmatched=0, Length=696, 
Matches/length=93.8% 
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CTACCCGCCG6A6ATC6AG6TGAAGTGGTTCCT6AAC666C666A66A6A 484 
l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l i l i l l i l l l l l l i  
CTACCCGCCGGAGATCGAGGTGAAGTGGTTCCTGAACGGGCGGGAGGAGA 
CGGAGCGCGTGGTGTCCACGGACGTGATGCAGAACGGGGACTGGACGTAC 534 
l l l l l l l l i l l l l l l i i l l l i i l l l l i l l l l l l l l l l l l l l i l l l M I I I  
CGGAGCGCGTGGTGTCCACGGACGTGATGCAGAACGGGGACTGGACGTAC 
CAGGTGCTGGTGGTGCTGGAGACCGTCCCGCGGCGCGGGGACAGCTACGT 584 
l l l l l l i l l l l l l l l l l i l l l l l l l l l l l l l i l l l l i l l l l l l i l l l l l l  
CAGGTGCTGGTGGTGCTGGAGACCGTCCCGCGGCGCGGGGACAGCTACGT 
iTM 
GTGCCGGGTGGAGCACGCCAGCCTGCGGCAGCCCATCAGCCAGGCGTGGG 634 
I I I M I I M I I I M I i l l l l l l i l l l i l l i l l l l l l l l l l l l l l l l l l l l  
GTGCCGGGTGGAGCACGCCAGCCTGCGGCAGCCCATCAGCCAGGCGTGGG 
AGCCTCCGGCGGACGCGGGCAGGAGCAAGCTGCTGACGGGCGTGGGGGGC 684 
I M I I I I M I M I I I I I I I I I I I I I I M I I I i l l l l l M I M I M M I M  
AGCCTCCGGCGGACGCGGGCAGGAGCAAGCTGCTGACGGGCGTGGGGGGC 
TTCGTGCTGGGGCTCGTCTTCCTGGCGCTGGGGCTCTTCGTGTTCCTGCG 734 
I I I I I M I I i l l l l l l M I I M I I i l l l l l M M I I I I M I I M I M I I I  
TTCGTGCTGGGGCTCGTCTTCCTGGCGCTGGGGCTCTTCGTGTTCCTGCG 
ICY-l ICY-n 
CGGTCAGAAAGGGCGCCCCGTCGCCGCCGCTCCAGGGATGCTGAAT 780 
l l l l l l l l l l l l l l l l l l l l i l l l l l l l l l l l l l l l i l l l l l l l l l  
CGGTCAGAAAGGGCGCCCCGTCGCCGCCGCTCCAGGGATGCTGAAT 
Figure 3.15 Continued 
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Ifli 
TTCTTCTTCTACG6TGC6ATAG6T6A6T6CCACTACCT6AACG6CACC6A 134 
l l l l l l l l l l l l l l l l l l l l l l l l l i l l l l l l i l l i l i l l l l l l l i l l l i  
TTCTTCTTCTACGGTGCGATAG6TGAGTGCCACTACCTGAACGGCACCGA 
GCGGGTGAGGTATCTGGACAGGGAAATCTACAACCGGCAGCAGTACGCGC 184 
M I I I M I I I I I i l i l l l  l i l l l l l l l l i l l l l l l l l l l l l l l l i l i l  
GCGGGTGAGGTATCTGGAACGGGAAATCTACAACCGGCAGCA6TACGCGC 
ACTTCGACAGCGACGTGGGGAAATTTGT6GCCGATACACCGCTGGGT6AG 234 
l l l l l l l l l l l l l l l l l l l l l i l l l l l l l l l l l i i l l l l i l l l l l l l l l l  
ACTTCGACAGCGACGTGGG6AAATTTGT6GCCGATACACCGCTGGGTGAG 
CCGCAAGCTGAATACTGGAACAGCAACGCCGAGCTTCTGGAGAACCTAAT 284 
M I M I I I i l l l l l M l i l l M M I I M I M I M I M I M l l l l M M M  
CCGCAAGCTGAATACTGGAACAGCAACGCCGAGCTTCTGGAGAACCTAAT 
GAATATAGCGGACGGGCCCTGCCGGCACAACTACG6GATTCTGGAGTCCT 334 
i l i l l l l l l l l l M I M I M I I i l l i l l l M I M I M I I I I I M I I I I i l  
GAATATAGCGGACGGGCCCTGCCGGCACAACTACGGGATTCTGGAGTCCT 
|B2 
TCACGGTGCAGAGGAGCGT6GAGCCCAAG6TGAGGGTCTCGGCGCTGCAG 384 
l l l l l i l l l l l l l l l l l l l i l l l l l i l i i l l l l l l l l l l l l l l i l l l l l l  
TCACGGTGCAGAGGAGCGTGGAGCCCAAGGTGAGGGTCTCGGCGCTGCAG 
TCGGGCTCCCTGCCCGAAACCGACCGTCTGGCGTGCTACGTGACGGGCTT 434 
11II11 l i l l l l l l l l i l l l l l l l l l l l l l l l i l i l  mil i i i i i i i i i  
TCGGGCTCCCTGCCC6AAACCGACCGTCTGGCGTGCTACGTGACGG6CTT 
Figure 3.16 Alignment of the nucleotide sequence of S19 (upper line) to CCII-
7. The CCII-7 sequences were from Xu et al. (1989) 
Matches=693, Mismatches=3, Unmatched=0, Length=696, 
Matches/length=99.6% 
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CTACCC6CCG6A6ATC6AG6T6AAGTG6TTCCT6AAC66GCG66A66AGA 484 
l l i l l l l l l l l l l l l i l l l l l l l l l l l l l l l l l i l l l l l l l l l l l l l l l l  
CTACCCGCCGGAGATCGAGGTGAAGTGGTTCCTGAACGGGCGGGAGGAGA 
CGGAGCGCGTGGTGTCCACGGACGTGATGCAGAACGGGGACTGGACGTAC 534 
l l l l l l l l l l i i l l l l l l l i i l l l l l l i i l l l l i i l l l l l l l l l l l l l l l  
CGGAGCGCGTGGTGTCCACGGACGTGATGCAGAACGGGGACTGGACGTAC 
CAGGTGCTGGTGGTGCTGGAGACCGTCCCGCGGCGCGGGGACAGCTACGT 584 
I I I M I I I I I I I I I I I I I I I M M I I i i l i l l l l i l . l l l l l l l i i l l l l l  
CAGGTGCTGGTGGTGCTGGAGACCGTCCCGCGGCGCGGGGACAGCTACGT 
ITM 
GTGCCGGGTGGAGCACGCCAGCCTGCGGCAGCCCATCAGCCAGGCGTGGG 634 
l l l l l l i l l l l l l l l l l l i l l l l l l l l i i l l l l l l l l l l l l l l l l l l l l l  
GTGCCGGGTGGAGCACGCCAGCCTGCGGCAGCCCATCAGCCAGGCGTGGG 
AGCCTCCGGCGGACGCGGGCAGGAGCAAGCTGCTGACGGGCGTGGGGGGC 684 
I I  l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
AGACTCCGGCGGACGCGGGCAGGAGCAAGCTGCTGACGGGCGTGGGGGGC 
TTCGTGCTGGGGCTCGTCTTCCTGGCGCTGGGGCTCTTCGTGTTCCTGCG 734 
I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  
TTCGTGCTGGGGCTCGTCTTCCTGGCGCTGGGGCTCTTCGTGTTCCTGCG 
ICY-I JCY-II 
CGGTCAGAAAGGGCGCCCCGTCGCCGCCGCTCCAGGGATGCTGAAT 780 
l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
CGGTCAGAAAGGGCGCCCCGTCGCCGCCGCTCCAGGGATGCTGAAT 
Figure 3.16 Continued 
124 
in amino acid: (Pro) —> ACT (Thr). Sequences for the 62 domain and 
the (ytoplasmic domains of S19 cDNA were exactly the same as those of the 
CCn-7 gene. 
The S19 sequence shared relatively less homology (93.8 percent) with the 
CCn-4 sequence. All the forty-three nucleotide differences were found in the fil 
domain, reflecting the fact that the fil region is the most polymorphic region in 
the class H molecule. Sequences for the fi2 domain, the transmembrane domain 
and the cytoplasmic domains of 819 cDNA were identical to those of the CCn-4 
gene. 
3.10 Comparison of Class II B-chain Amino Acid Sequences 
Shown in Figure 3.17 is an alignment of the amino acid sequences of class 
II fi chains from three species: chicken (S19, CCn-4, CCn-7, B12, and pl4), hu­
man (HLA-DQfi), and mouse (H-2 Afi). The sequence of B12 is from an unpub­
lished cDNA sequence from a chicken of the haplo^e obtained by C. Auf-
fray's group in France. It lacks the first six amino acids of the fil exon. The se­
quence of pl4 is from a genomic sequence from a chicken of unknown haplotype 
(Bourlet et al, 1988). The sequences of HLA-DQfi and H-2 Afi were obtained 
from Larhammar et al. (1982b) and Malissen et al. (1983), respectively. These 
seven protein sequences show a high degree of amino acid sequence identity, 
with 89 out of 232 residues (38%) identical. 
125 
The class II molecules can be separated into individual domains on the 
basis of their protein structure and postulated function. The exon-intron organi­
zation of class n genes corresponds closely to the protein domain structure. The 
percentage sequence identity among the domains are summarized in Table 3.1. 
Differences in amino acid sequence conservation are found when individual do­
mains are compared. 
In the 01 domain (residues 1-89) of all the fi chain molecules compared, 
there are several highly conserved regions. The disulfide bridge (CIO and C74), 
the carbohydrate attachment site (N14), the charge pair (R20^D38"), NOTER 
(residues 14-18), FDSDVG (residues 35-40), and CRHNY (residues 74-78) are 
conserved. 
Many species-specific residues which are conserved only in chicken genes 
are also found (Fl, E9, Hll, L13, L22, Q30, Q31, H34, V43, D45, and E50 
residues). The charge pair (R67'*'E7r in pl4, R67^D7r in HLA-DQÛ and H-2 
Afi) has disappeared in S19, CCn-4, CCII-7, and B12 due to a R67 —> M67 
mutation which may cause a structural change of the class II antigen. It suggests 
that the secondary structure of the chicken MHC Û chain may not be exactly 
identical to that of the mouse and the human MHC B chains. 
In addition to the conserved regions, the fil domain contains highly poly­
morphic regions as well. There are four major regions in the fil domain that con­
tain polymorphic differences. These four regions, residues 3 to 8, residues 21 to 
33, residues 59 to 73, and residues 79 to 84, are situated between clusters of 
highly conserved regions. These polymorphic regions may be involved in antigen 
recognition and T cell binding activity. The size of the fil exon is conserved 
126 
among the chicken sequences (89 amino acids). HLA-DQÛ and H-2 AG mol­
ecules contain five more amino acids in the fil domain. 
As shown in Figure 3.17 and Table 3.1, the Û2 domain (residues 90-183) 
exhibits a higher degree of conservation compared with the fil domain. Two cys­
teine residues (CI 12 and C168), which are thought to form an intrachain disul­
fide loop, are conserved. The peptide NGDWT (residues 145-149) is also con­
served in the fi2 domain. A big cluster of chicken-specific sequences ALQSGS 
(residues 98-103) was found in the fi2 domain. The fi2 domains of all the se­
quences compared consist of 94 amino acid residues except for that of pl4 which 
has 93 amino acids. 
The transmembrane region (residues 184-220) also shows a high degree 
of amino acid sequence conservation. A stretch of hydrophobic amino acids 
GGFVLGL (residues 199-205) is conserved in the transmembrane domain. The 
size of the transmembrane exon is conserved in all the sequences compared. The 
cytoplasmic regions (residues 221-232) consist of two exons; CY-I (residues 221-
228) and CY-II (residues 229-232), except for the HLA-DQfi which is missing 
the first exon CY-I, probably due to a splice site mutation (Larhammar et cd., 
1982a). While the cytoplasmic regions of S19, CCII-4, CCn-7, and B12 share 
100% homology, those of pl4 show much less homology (37.5% for CY-I and 
75%forCY-n). 
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181 Domain 
1 1 CH( DIS 
S19 F F F Y 6 A I 6 L"Ê RRN c H Y N G 
CCII-4 F F Q W T F K A IE c H Y L N G 
CCII-7 F F F Y G A I G 
1 
• E 1 c H Y L N G 
B12 I S ;E c H Y L N G 
pl4 F F Q W S A T V •E c H F L N G 
HLA-DQFI R D S P E D F V Y Q F K G M c Y F T N G 
H-2 AFI 6 N S E R H L V 
a
 
>
 F K G E c Y Y T N G 
Figure 3.17 Comparison of the predicted amino acid sequences of class II Û 
chains. The conserved regions are boxed by solid lines. The con­
served regions between chickens are boxed by dashed lines. The 
disulfide bridges and the carbohydrate attachment site (CHO) are 
shown. The boundaries of the protein domains are indicated by ar­
rows. The CClI-4 and CCII-7 sequences were from Xu et al. 
(1989), B12 sequence is from Auffiray (unpublished), pl4 from 
Bourlet et al. (1988), HLA-DQÛ from Larhammar et al. (1982), 
and H-2 AÛ from Malissen et al. (1983) 
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35 
S19 T E R  V R ï 
r -| 
LiD 
t R E I Y N R Q Q Y A H F 
CCII-4 T E R  A R F LIE R H I Y N R Q Q F M H F 
CCII-7 T E R  V R Y LIE R E I Y N R Q Q Y A H F 
B12 T E R  V R Y L:Q R Y I Y N R Q Q F T H F 
pl4 T E R  V R F LJV R H V Y N R 9 Q Y V H F 
HLA-DQÛ T E R  V R L V s R S I Y N R E E V V R F 
H-2 AÛ TLOLR I R L V T R Y I Y N R E E Y V R Y 
55 
S19 D S D V 6 K F 
r • 
V A D T P L G E P Q A E Y 
CCII-4 D S D V G K Y V A D T P L G E R Q A E I 
CCII-7 D S D V G K F V A D T P L G E P Q A E Y 
B12 D S D V G K F V A D S P L G E P Q A E Y 
pl4 D S 0 V G L F V A D T V L G E P S A|K L 
HLA-DQÛ D S D V G E F R A V T L L G L P A A E Y 
H-2 AÛ D S D V G E Y R A V T E L G R P D A E Y 
S 
S19 W N S N A E L L E N L M N I A D G P C R 
CCII-4 W N S N A E I L E D E M N A V D T F C R 
CCII-7 W N S N A E L L E N L M N I A D G P C R 
B12 W N S N A E L L E N R M N E V D R F C R 
pl4 g" s Q P D V L E K N R A A V E M L cil" 
HLA-DQÛ w N s Q K D I L E R K R A A V D R V c R 
H-2 AÛ W N S Q P E I L E R T R A E V D T A C R 
Figure 3.17 Continued 
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89 
S19 H N Y G I L E S F T V Q R s 
CCII-4 H N Y G V G E S F T V Q R s 
CCII-7 H N Y G I L E S F T V Q R s 
B12 H N Y G G V E S F T V Q R s 
pl4 Y N Y E I V A P L T L Q R R 
HIA-DQFI H N Y Q L E L R T T L Q R R 
H-2 AÛ H N Y E G P E T S T S LIR R 
162 Domain 
90 
S19 V E P K 
CCII-4 V E P K 
CCII-7 V E P K 
B12 V E P K 
pl4 E P _K 
HLA-DQÛ V E P T 
H-2 AÛ E Q P N 
109 
V R V S A L Q S G S L p;E T D R 
V R V S A L Q S G S L p:E T D R 
V R V S A L Q S G S L P:E T D R 
V R V S A L Q S G S L p:E T D R 
V R I F A L Q S G S L P!Q T D R 
V T I S P S R T E A L N H H N L 
V A I S L S R T E A L N H H N T 
S • 
I 129 
S19 L A C Y V T G F Y P p E I E V K W F L N 
CCII-4 L A C Y V T G F Y P p E I E V K W F L N 
CCII-7 L A C Y V T G F Y P p E I E V K W F L N 
B12 L A C Y V T G F Y P p E I E V K W F L N 
pl4 L A C Y V T G F Y P p E I E V K W F Q N 
HLA-DQÛ L V C S V T D F Y P A Q I K V R W F R N 
H-2 AÛ L V C S V T D F Y P A K I K V R W F R N 
Figure 3.17 Continued 
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149 
S19 G R E E T E R V V S T D V|M Q N G D W T 
CCII-4 G R E E T E R V V S T D VIM Q N G D W T 
CCII-7 G R E E T E R V V S T D V|M Q N G D W T 
B12 G R E E T E R V V S T D V|M Q N G D W T 
pl4 G Q E E T E R V V S T D V! I C N G D W T 
HLA-DQfi D Q E E T A G V V S T P L I R N G D W T 
H-2 Afi G Q E E T V G V S S T Q L I R N G D W T 
S 
\l69 
S19 Y Q V L V V L E T V P RI R G D s 7 V C R 
CCII-4 Y Q V L V V L E T V P R:R G D s Y V C R 
CCII-7 Y Q V L V V L E T V P R;R G D s Y V C R 
B12 Y Q V L V V L E T V P R:R G D s Y V C R 
pl4 Y Q V L V V L E I  S P R|H G D s Y V C Q 
HLA-DQfi F Q[Ï]L V M L E M T P Q R G D V Y T C H 
H-2 Afi F Q V L V M L E M T P H Q \gJE V Y T C H 
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S19 V E H A S L R Q P I SIQ A W 
CCII-4 V E H A S L R Q P I S'IQ A W 
CCII-7 V E H A S L R Q P I S|Q A W 
B12 V E H A S L R Q P I SIQ A W 
pl4 V E H T S L Q Q P I T!Q R W 
HLA-DQfi V E H P S L Q S P I T V E W 
H-2 Afi V E H P S L K S P I T V E W 
Figure 3.17 Continued 
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I TM Domain 
184 
S19 E P P A|D A 6 
CCII-4 E P P A;D A G 
CCII-7 E T P A!D A G 
B12 E P P A!D A G 
pl4 E P P G|D V S 
HLA-DQÔ R A Q s E S A 
H-2 AÛ R A Q s E S A 
203 
R S K L L T G V G G F V L 
R S K L L T G V G G F V L 
R S K L L T G V G G F V L 
R S K L L T G V G G F V L 
R S K L L M G V G G F V L 
Q S K M L S G I G G F V L 
R S K H L S G I G G C V L 
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S19 G h V F L A L G L F vTF L R G Q K 
CCII-4 G L V F L A L G L F V|F L R G Q K 
CCII-7 G L V F L A L G L F VJF L R G Q K 
B12 G L V F L A L G L F VÎF L R G Q K 
pl4 G L V A L G[Î F Fj_F L I S 3K 
HLA-DQO G L I F L G L G L I I H H R S Q K 
H-2 AÛ G V I F L G L G L F I R H R S Q K 
Figure 3.17 Continued 
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I CY Domain 
221 232 
S19 6 R PIV A A A V G M L N! 
CCII-4 6 R p;v A A A P G H L NJ 
CCII-7 G R P Î V  A  A  A  P G H L N: 
B12 G R pIv A A A 1 P G H L Nj 
pl4 G Q PJD P T S P G I L N; 
HLA-DQFI - - — — — — - G L L H 
H-2 AFI G P R G P P P A G L L Q 
Figure 3.17 Continued 
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Table 3.1 Sequence similarities among class n Û chain domains. The SIO 
gene has one nucleotide difference in the Û1 domain when it is 
compared to the S19 gene. The S7 gene has the identical nu­
cleotide sequence to the S19 gene in the coding region 
Percent Sequence Identity of Nucleotide 
fil fi2 TM CY-I CY-II 
S19: CCn-4 83.9 100.0 100.0 100.0 100.0 
S19: CCn-7 99.3 100.0 99.1 100.0 100.0 
S19: B12 92.0 100.0 99.1 100.0 100.0 
S19: pl4 72.7 87.6 83.8 58.3 83.3 
S19: HLA-DQfi 56.0 64.3 67.6 - 66.7 
S19:H-2A6 60.2 62.4 65.8 45.8 66.7 
Percent Sequence Identity of Amino Acid 
fil fi2 TM CY-I CY-II 
S19: CCn-4 73.0 100.0 100.0 100.0 100.0 
S19: CCII-7 98.9 100.0 97.3 100.0 100.0 
S19: B12 84.3 100.0 100.0 100.0 100.0 
S19: pl4 56.2 83.0 73.0 37.5 75.0 
S19: HLA-DQfi 50.0 52.1 51.4 - 50.0 
S19:H-2Afi 48.4 48.9 51.4 40.0 50.0 
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4 DISCUSSION 
In this work, three different families of cDNA clones coding for the 
chicken MHC class II (B-L) Û chain molecules were isolated and characterized. 
These cDNAs were obtained from spleen and liver of a chicken of the B^ haplo-
type (inbred line G-B2). Tissue-specific transcription of the B-L 6 chain genes 
was studied by Northern blot analysis of spleen and liver mRNAs. The nucleo­
tide and the predicted amino acid sequences of the cDNAs were compared to 
other B-L Û chain genes and their mammalian counterparts. 
4.1 Comparison of the B-L fi Genes from the Chicken 
Nucleotide and amino acid comparison of these cDNAs with CCII-4 and 
CCII-7, which are the genomic genes of the B® haplotype (Xu et al., 1989), 
showed that none of the cDNAs had the same sequence as either CCII-4 or 
CCII-7. Considering that the genomic library from which the CCII-4 and the 
CCII-7 were obtained was only 86% complete, it is possible that there might be 
another genomic gene whose sequence is the same as the cDNAs. Even though 
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the chickens of the haplotype are highly inbred (>99%), it cannot be ruled 
out that the chickens used for the genomic library and for the cDNA libraries 
might have differences in the B-L region of the genes. Another possible explana-
i 
tion for differences in the genomic DNAs and the cDNAs would be that the 
genes in sperm might be different from those in spleen and liver because of gene 
conversion mechanism in the process of development of mature adult cells as 
discussed below. 
S19 cDNA, the largest cDNA from spleen, shared 99.3% nucleotide ho­
mology with CCII-7 in the fll domain. These two genes showed two nucleotide 
Cl 02 TM CYT 
S19 cDNA 
Figure 4.1 Schematic representation of the nucleotide sequence of S19 
cDNA. Hatched box represents a CCII-7-like region, open box 
represents a CCII-4-like region, and the dotted boxes represent 
both CCII-4- and CCll-7-like regions 
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differenœs in the 61 region. The S19 cDNA shared much less homology (83.9%) 
with CCn-4 in that region. When the sequences of the transmembrane domain 
were compared, however, the S19 cDNA shared 100% homology with CCII-4. 
The S19 cDNA, the CCn-4, and the CCII-7 sequences had identical sequences 
of the 62 domain and the <ytoplasmic regions. These data, shown below as a 
schematic diagram (Figure 4.1), suggest a possible gene conversion mechanism. 
It has been reported (Reynaud et cd., 1985) that the chicken immuno­
globulin light chain repertoire is entirely derived from a single rearrange­
ment, producing a functional A light chain gene. If this gene served without fur­
ther modification as the template for A light chain transcription, the polypeptide 
products would be homogeneous. But the circulating A light chains exhibit exten­
sive heterogeneity when analyzed on isoelectric focusing gels (Jalkanen et al., 
1984). 
To determine the mechanism of diversification, Reynaud et al. (1987) 
have cloned and sequenced the entire chicken A chain locus. In germline DNA, 
twenty five pseudo-V genes were clustered within a 20 kb stretch of DNA lo­
cated several kilobases upstream of the single functional V gene. Sequence anal­
ysis of the A light chain coding regions of a dozen rearranged genes revealed that 
extensive sequence diversification had occurred, and that this diversification was 
restricted to the V regions of the rearranged DNA Remarkably, almost all the 
new sequences matched sequences available from the V pseudogene pool. The 
authors strongly suggested that the pseudogenes served as donors for diversifica­
tion of the rearranged DNA by a mechanism of segmental gene conversion that 
occurred at an unprecedented rate for higher eukaiyotes. 
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Scheme 1 ccij.7 
fll 82 TM CY CY 
CCII-4 
B1 62 TM CY CY 
\_ 
] [[ [] [] //• 
gene conversion 
/ 
sperm DNA 
Û1 02 TM CY CY 
e 
I point mutation 
B1 02 TM CY CY 
spleen DNA 
liver DNA 
Scheme 2 
ccn-4 
01 02 TM CY CY 
•//• 
\_ 
gene conversion 
ccn.7 
01 02 TM CY CY 
sperm DNA 
01 02 TM CY CY 
I point mutation 
01 02 TM CY CY 
D D I D D ** spleen DNA liver DNA 
Figure 4.2 A hypothetical model for a possible gene conversion mechanism in 
the chicken MHC fi chain genes. Exons from CCn-7 are shown as 
boxes whereas exons from CCII-4 are shown as lines 
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Considering that the MHC belongs to the immunoglobulin supergene 
family, it is possible that a similar ^e of mechanism might have occurred for 
the chicken MHC fi chain genes. A hypothetical model is shown in Figure 4.2. 
Scheme 1 is based on a hypothesis that the CCII-7 gene serves as a donor for the 
61 region. The fil region from the CCn-7 gene undergoes point mutations at two 
nucleotides. Although these two nucleotide alterations may be derived from 
gene conversion, no donor sequence has been identified yet. Scheme 2 is based 
on a hypothesis that the CCIl-4 gene serves as a donor for the transmembrane 
region. To test these two hypothetical schemes, genomic DNA coding for B-L fi 
chain should be isolated from spleen and its sequence should be determined so 
that the sequences of introns from spleen DNA can be compared to those from 
sperm DNAs, CCII-4, and CCn-7. Interestingly, the intron sequences of the 
CCn-4 and the CCn-7 sperm genes are quite different from each other. 
A restriction map of CCII-2, another genomic gene isolated from 
chicken sperm (Xu et al., 1989), indicated that the CCn-2 gene was probably a 
pseudogene because neither the fil domain nor the cytoplasmic or 3' untrans­
lated regions were found in the gene. Only the fi2 and the transmembrane exons 
were located in the gene. It would be of interest to sequence the 2.1 kb Eco RI -
Eco RI fragment of CCII-2 which contains the fi2 and the transmembrane exons 
and compare the sequence with other B-L fi sequences. If the transmembrane 
sequence of the CCII-2 gene turns out to be the same as that of the S19 cDNA 
and the CCII-4 gene, a possibility that the CCII-2 gene serves as a donor for the 
transmembrane exon instead of the CCII-4 gene (see Scheme 2, Figure 4.2) 
would be more likely since the CCII-2 gene is probably a pseudogene. 
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It has been suggested (Weiss et al., 1983; Nathenson et éd., 1986) that the 
generation of polymorphism in the mouse MHC class I genes may occur by gene 
conversion-like events. DNA sequence analysis of a mutant allele of the H-2K^ 
gene, showed that nucleotide changes have occurred by an intergenic 
exchange of DNA which resulted in the conversion of a short internal segment of 
the H-2K  ^gene to the corresponding sequence of another H-2 gene (Weiss et 
al., 1983). The authors suggested that this type of gene conversion was wide­
spread in H-2 genes and that it was a major force in the generation of polymor­
phism in H-2 genes. They asked two questions: Is gene conversion in H-2 genes 
more frequent than in other genes and, if so, is there anything unique about the 
structure of H-2 genes to promote this? As far as unique structures in H-2 genes 
were concerned, they were struck by the high G+C content of H-2 introns com­
pared with globin genes where the introns were in fact A+T rich. Gene conver­
sion events which occurred in the globin genes seemed to be rare. It should be 
noted that the introns of the two B-L Û genomic genes (CCII-4 and CCU-7) had 
exceptionally high G+C content (Xu et al., 1989). The presence of DNA se­
quences of 90% G+C is likely to enhance pairing of homologous sequences be­
cause G+C duplexes are very stable so that a shorter duplex is required for 
minimal stability. The complexity of this DNA is very low since only two bases 
(C and G) are involved and hence the probability of finding a homologous se­
quence is high. Slightom et al. (1980) noted that the gene conversion event in the 
human n-globin genes was associated with the presence of a short (about 40 nu­
cleotides) G-C rich heteropolymer. 
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A2 Tissue-specific Expression of B-L 0 Molecules 
It is not known whether chicken sperm has B-L molecules on the cell sur­
face. The expression of class n molecules on sperm has been studied in humans 
(Anderson et al., 1984) and the mouse (Fellous et al., 1976). The results of these 
studies are controversial. Fellous et al. (1976) have detected relatively high levels 
of la antigens on sperm of mice. Anderson et al. (1984) have reported that the 
HLA class n antigens were not detected on human testicular germ cells by using 
a panel of well-characterized monoclonal antibodies. They discussed that the 
study by Fellous et al. (1976) could be misleading because the work had been 
performed before the availability of well-defined monoclonal antibody reagents. 
The consensus is that if MHC molecules are present on spermatozoa, their 
quantity is at least ten times lower than that on lymphocytes; in some species, 
spermatozoa may not express MHC molecules at all (Klein, 1986). The germ cell 
populations used in the study by Anderson et al. (1984) were contaminated up to 
10% by somatic cells that appeared weakly HLA-positive in an immunofluores­
cence assay. 
Antibody genes undergo DNA rearrangements during B cell differentia­
tion that are correlated with their expression. If B-L molecules are not expressed 
on sperm, the differences found in the nucleotide sequences of sperm DNAs (the 
CCII-4 and the CCII-7 genomic clones) and those of spleen and liver DNAs 
(S19, S7, SIO and LI cDNAs) might provide some insights into the requirements 
for expression of the B-L antigens. It is possible that gene rearrangements are 
required for the expression of the B-L Û molecules. To test this possibility. 
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Southern blot analysis of genomic genes from sperm and spleen (or, liver) of a 
chicken could be performed using one of the B-L fi cDNAs obtained from 
this work as a probe. It has been found (Steimnetz et al.» 1981) that the genes for 
the class I antigens in the mouse are not rearranged in the genomes of liver or 
embryo cells, which express these antigens, as compared with sperm cells, which 
do not express these antigens. 
The pattern of transcription of B-L Û genes in spleen and liver was inves­
tigated by Northern blot analysis using a fi2 domain probe (Figure 3.2). A single 
band, 1.2 kb in size, was detected in both spleen and liver poly(A)'^  RNAs, indi­
cating that the B-L 0 genes are transcribed in these two tissues. The intensity of 
the bands detected in spleen and liver, however, was remarkably different. The 
higher level of expression seen in spleen would reflect the fact that as one of the 
lymphoid organs, spleen contains many more B cells on which class n molecules 
are expressed. The faint signal detected in liver probably reflects the presence of 
macrophages expressing B-L antigens, analogous to the passenger macrophages 
and Kupffer cells of the human liver (Bourlet et al., 1988). In addition to these 
facts, there might be other factors that perhaps cause the different level of ex­
pression of the B-L Û molecules in spleen and liver, as discussed below. 
The nucleotide sequence of one of the liver cDNA clones, LI, was deter­
mined (Figure 3.14) and compared to the spleen cDNA sequences. The LI se­
quence was identical to the S19 and the S3 sequences, indicating that the tissue-
specific transcription was not due to the sequence difference in the coding region 
of the B-L Û gene. 
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In many cases, the sequences upstream of the coding region of a gene are 
responsible for tissue-specific expression. Burke et al. (1989) have demonstrated 
the developmental and tissue-specific expression of nuclear proteins that bind to 
the conserved regulatory element present in the upstream region (-161 to -203) 
of the MHC class I genes. In the class II genes, two highly conserved regions, 
termed the X and Y boxes, occur between positions -115 and -100 and positions -
80 and -70 with respect to transcription initiation (Kappes and Strominger, 
1988). The role of these elements has been studied for the DRa, DQfi, and, in 
the mouse, Eoc genes through 5' flanking deletion analysis. Sequential deletion of 
the X and Y boxes of DQfi results in progressive decreases in basal. Le., non-in-
terferon-'y induced, expression levels in transfected fibroblasts, suggesting that 
both of these regions comprise positive regulatory elements (Boss and Stro­
minger, 1986). Deletion of the Y box, but not the X box, was found to eliminate 
interferon-? induction of the Ea gene in macrophages (Dom et al., 1987). An 
additional putative control element has been reported to occur in class n pro­
moters, namely the immunoglobulin octamer, ÂTTTGCAT (Sherman et al., 
1987). In immunoglobulin genes, this element is invariably found 70 to 100 bp 
upstream of the transcription initiation site. However, its location in the class II 
genes is not conserved. The first introns of DQx and DRx, the fourth intron of 
DQÛ, and the 5'-flanking region of I-EÛ (upstream of the X and Y boxes) have 
been demonstrated to contain enhancer-like sequences (Kappes and Strominger, 
1988). These sequences all contain the immunoglobulin octamers. To date, none 
of these regulatory sequences has been identified in the chicken MHC genes. 
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It cannot be ruled out that expression of the B-L molecules is regulated 
not at the level of transcription, but by post-transcriptional events. Weiss and 
Seidman (1985) have developed a model ^stem that provides insight into the 
mechanisms that control the amount of H-2 antigen on the cell surface. They re­
placed the promoter of a class I gene by a promoter of the metallothionein gene. 
Because the metallothionein promoter is much stronger than the H-2 promoter, 
they expected that upon transfection with the hybrid gene, the transfected cells 
would express larger amounts of H-2 molecules on their surfaces than nontrans-
fected cells. But this did not happen. Although the transfected cells produced 
greater amounts of mRNA than normal, there was no change in the level of cell 
surface protein. They therefore concluded that the amount of H-2 antigen was 
controlled by events that occurred after gene tiranscription. 
DNA methylation might be another mechanism for the regulation of the 
expression of MHC genes. For studying DNA methylation, two restriction en­
zymes, Hpa II and Msp I, that recognize the same sequence, CCGG, are used. 
Hpa n dose not cleave DNA in which S-methyl cytosine is present at its target 
site, but Msp I is indifferent to the methylation. Thus the degree of methylation 
is determined by a reduction in cleavage by Hpa 11, relative to a control ofM^ I. 
Waalwijk and Flavell (1978) have found tissue-specific methylation at a site in 
the rabbit fi-globin gene. In liver, spleen, bone marrow, and blood, there was 
50% digestion with Hpa 11; but sperm showed zero digestion (complete methyla­
tion) while brain showed only 20% digestion. A study of the degree of methyla­
tion in the B-L Û genes in sperm, spleen, and liver could provide some valuable 
information on the tissue-specific expression of these genes. Tanaka et al. (1983) 
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observed that the activation of the H-2K gene was accompanied by an increase 
in DNA methylation. Their result, however, was contradicted by other studies, 
including Carrington et al. (1985), in which an association between HlA-DRct 
gene expression and DNA hypomethylation was observed. Levine and Pious 
(1985) discovered that the type of correlation between methylation and gene ex­
pression depended on the gene and the methylation site, le., some methylation 
differences in some class H genes correlated with gene expression and some did 
not. 
4.3 The and the Birds 
The G-Bl (MHC haplotype B^) and the G-B2 (MHC haplotype B®) 
lines of chicken are highly inbred (>99%) and are congenic at the B complex. It 
has been found that these lines differ at several parameters of the immune re­
sponse (MacCubbin and Schierman, 1986), and disease resistance (Schierman et 
ai, 1977; Parker and Schierman, 1983 and 1987). Recently, it has been found 
that these two lines have different restriction fragment length polymorphism 
(RFLP) patterns when/Vw H was used (Warner et al., 1989). Use of these inbred 
chicken lines, which have been well-characterized for genetic, immunological, 
and biochemical traits related to their MHC haplotypes, would be valuable as 
the fine structure of the chicken MHC is elucidated. 
Buus et al (1987) have shown that mammalian class n genes bind anti­
gens by interacting with small peptides that presumably fit into a binding site on 
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the class n molecule. The X-ray ciystallographic analysis by Bjorkman et al. 
(1987a) revealed the antigen-binding pocket in the three-dimensional structure 
of a human MHC class I antigen. Considering that the structures of the class I 
and class n antigens are believed to be similar (Brown et al., 1988; Gorga et al, 
1989), the class n molecules would perhaps have a similar antigen-binding 
pocket. The comparison of the MHC class H cDNA sequences from a chicken of 
the haplotype to those from a chicken of the B^ haplotype would allow us to 
start to pinpoint which part of the chicken MHC class H molecule is a potential 
antigen binding site. The long range goal of the work on the chicken MHC is to 
identify, isolate, and characterize the genes of the B complex, so that the alleles 
of most advantageous biological activity can be inserted, via classical breeding 
and genetic engineering techniques, into the chicken germplasm. 
4.4 Comparison of Class II0 Chain Sequences 
Studies of chicken immunoglobulin light chain genes (Reynaud et al., 
1985,1987) have told us that mechanisms occurring in chicken gene systems may 
not be homologous to those in mammalian gene systems. While the generation 
of diversity of antibody specificities is mainly by gene rearrangement of im­
munoglobulin genes, birds have evolved a unique strategy to generate their 
preimmune repertoire through segmental gene conversion during B cell on­
togeny. Since birds and mammals have evolved separately for more than 250 
million years, a detailed study of the chicken MHC at the molecular level should 
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enhance our knowledge of the evolution of the MHC as well as structure-func­
tion relationships of the MHC antigens. 
When a T helper lymphocyte recognizes a peptide bound to a class II 
molecule, it is activated and stimulates an immune response to the antigen from 
which the peptide was derived (Sette et a/., 1987). The primary structure of the 
NHg-terminal polymorphic domain of MHC molecules is essential for both T 
cell recognition and the binding of peptides (Cairns et cU., 1985). Hence the im­
mune responsiveness of the individual is determined in large part by the amino 
acid sequences of the class H molecules (Roy et al., 1989). 
Comparison of the nucleotide and the predicted amino acid sequence of 
the MHC class n Û chain genes of chicken, mouse, and human are shown in Fig­
ure 3.17 and Table 3.1. The sequence of the 61 domain is the least conserved. In 
the mouse, the majority of polymorphic differences are found in the 61 domain 
of Eg (Mengle-Gaw and McDevitt, 1983) and Ag (Choi et cd., 1983) class II 
genes. This domain is probably involved in antigen recognition by T cells. Stud­
ies in which Eg domains were substituted by acon-shuffling (Folsom et al., 1985) 
demonstrated clearly that the 61 domain was involved in class U MHC restric­
tion in the presentation of antigen to a T helper cell line. It has been demon­
strated (Buus et al., 1987; Guillet et al, 1987) that the al and the 61 domains of 
class II molecules are responsible for binding peptides at what appears to be a 
single site. 
The three-dimensional structure of HLA-A2 molecule (Bjorkman et al., 
1987a, b) has revealed an antigen recognition site as a deep groove which runs 
between the two long a-helices of theal anda2 domains. By comparing the pat­
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terns of conserved and polymorphic residues of class I and class n amino acid 
sequences, Brown et eU. (1988) have found evidence for the presence of homolo­
gous «-helices in class I and class H structures. In thea-helical regions ofal and 
a2 domains of all class I sequences, conserved amino acids occurred every third 
or fourth residue. These residues form one face of the «-helices. The positions of 
these residues were also conserved in class Hal and 61 sequences. Interspersed 
between the conserved residues on the a-helices of the class I structure were 
many of the most polymorphic residues. Again, a similar pattern of polymorphic 
residues was also found in a 1 and 81 of class n sequences. Structural similarity in 
the helical regions was further supported by the observation of two completely 
conserved helix-stabilizing salt bridges in the class I a2 and class n fil domains. 
These observations, along with physical evidence provided by Gorga et al. 
(1989), strongly suggested that like the class I structure, a class n molecule 
would have a cleft between a-helices ofal and fil domains, which is probably a 
foreign antigen recognition site. Therefore, a detailed study of the fil domain 
sequence would be informative for structure-function relationships of the class II 
molecules. 
While positions of residues conserved in both MHC classes generally face 
away from the foreign antigen binding site, those polymorphic in both classes 
face into the site. The residue 56 in Figure 4.3 is an exception. It is a conserved 
residue but is one of the residues which face into the antigen binding site. Shown 
as asterisks in Figure 4.3 are the residues forming the proposed foreign antigen 
binding site in class n molecules based on the structure of HLA-A2 (Bjorkman 
et al, 1987b) and an alignment of class II fil domains to class I a2 domains of 
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mouse and human MHC (Brown et al., 1988). Eighty-one percent of those resi­
dues (thirteen out of sixteen amino acids) are also polymorphic in the chicken 
sequences. Since these residues are potential ligands for a bound, processed for­
eign antigen, the substitution at these positions by site-directed mutagenesis 
could be performed to study the effects of class n amino acid mutations on pep­
tide binding and T cell response to produce interleukin-2 in chickens. These 
residues are candidates that might be responsible for causing differences in sev­
eral parameters of immune response in chickens of the and B^ haplotypes. 
When B-L Û sequences become available for a chicken of the B^ haplotype, 
comparison can be made for these polymorphic positions in the 01 domain of B-
L molecules of the B^ and B^ birds. 
The conserved residues in the class n 61 domains of mouse and human 
genes, whose positions are also conserved in class I a2 domains (Brown et al., 
1988), are marked with dashes in Figure 4.3. Out of totally twenty-two amino 
acid residues, seventeen residues (77%) are also conserved in the chicken se­
quences. Five residues which are not conserved in the chicken sequences are 
shown below, where residues are numbered according to the S19 sequence: 
Residue Mammalian Chicken 
Number Sequences Sequences 
31 Glu(E) Gln(Q) 
34 Arg(R) His(H) 
45 Val(V) Asp(D) 
67 Arg(R) Met(M) 
68 Ala(A) Asn(N) 
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It is interesting to note that these residues are all conserved among the 
chicken molecules. Whether or not these species-specific differences cause sig­
nificant structural change in chicken class H molecules remains to be seen. A 
change of Arg 67 --> Met 67 will disrupt the charge pair of Arg 67"*" Asp 71", 
which forms a helix-stabilizing salt bridge in mammalian class n molecules. 
The B2 and the transmembrane domains show a high degree of amino 
acid sequence conservation (Figure 3.17 and Table 3.1). The class n 82 and a2 
domains show significant sequence identity to immunoglobulin constant region 
domains and have been predicted to form an immunoglobulin-like fold (Travers 
et al., 1984). There are many clusters of residues in the 62 domain that are highly 
conserved (see Figure 3.17) and are likely to be involved in maintaining the 
structure of the Û chain. The lugh degree of conservation of class H transmem­
brane regions is not found in other membrane glycoproteins such as the MHC 
class I molecules (Wallis and McMaster, 1984). Robertson and McMaster (1985) 
have suggested that the conservation of the class 11 membrane regions, which 
had been maintained in evolution, may have functions in addition to interaction 
with the lipid bilayer. Such functions may include the interaction of class II a-
and fi-chains or associations with other membrane proteins. In conclusion, it 
seems likely at this point that the structures of chicken class H molecules may be 
similar, but not identical to their mammalian counterparts. 
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fil Domain 
1 15 
* * * 
S19 F F F Y 6 A I 6 E C H Y L N 6 
CCII-4 F F Q W T F K A E C H Y L N G 
CCII-7 F F F Y 6 A I G E C H Y L N G 
B12 I S E C H Y L N G 
pl4 F F Q W S A T V E C H F L N G 
HLA-DQfi R D S P E D F V Y Q F K G M C Y F T N G 
H-2 Afi 6 N S E R H F V V Q F K G E C Y Y T N G 
35 
* * * * 
S19 T E R V R Y L D R E I Y N R Q Q Y A H F 
CCII-4 T E R A R F L E R H I Y N R Q Q F M H F 
CCII-7 T E R V R Y L E R E I Y N R Q Q Y A H F 
B12 T E R V R Y L Q R Y I Y N R Q Q F T H F 
pl4 T E R V R F L V R H V Y N R Q Q Y V H F 
HLA-DQfi T E R V R L V S R S I Y N R E E V V R F 
H-2 Afi T Q R I R L V T R Y I Y N R E E Y V R Y 
Figure 4.3 Amino acid sequences of the class II fil domain. Asterisks denote 
residues pointing towards the antigen recognition site based on a 
hypothetical model of the class IIMHC structure (Bjorkman et o/., 
1987b; Brown et oA, 1988). Dashes denote conserved amino acids 
whose positions are also conserved in the class I a2 domain 
(Brown 6/a/., 1988) 
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55 
— 
— 
* 
S19 D S D V G K F V A D T P L G E P Q A E Y 
CCII-4 D S D V G K Y V A D T P L G E R Q A E I 
CCII-7 D S D V G K F V A D T P L G E P Q A E Y 
B12 D s D V G K F V A D S P L G E P Q A E Y 
pl4 D s D V G L F V A D T V L G E P S A K L 
HLA-DQfi D s D V G E F R A V T L L G L P A A E Y 
H-2 Afl 0 s D V G E Y R A V T E L G R P D A E Y 
—e_j 
75 
* 
_ 
* * * * * 
519 W N S N A E L L E N L M N I A D G P C R 
CCII-4 W N S N A E I L E D E M N A V D T F C R 
CCII-7 W N S N A E L L E N L M N I A D G P C R 
B12 w N S N A E L L E N R M N E V D R F c R 
pl4 F N S Q P D V L E K N R A A V E M L c N 
HLA-DQfi W N S Q K D I L E R K R A A V D R V c R 
H-2 Afl W N S Q P E I L E R T R A E V D T A c R 
89 
* * 
S19 H N Y G I L E S F T V Q R S 
CCII-4 H N Y G V G E S F T V Q R S 
CCI1-7 H N Y G I L E S F T V Q R S 
B12 H N Y G G V E S F T V Q R S 
pl4 Y N Y E I V A P L T L Q R R 
HLA-DQfi H N Y Q L E L R T T L Q R R 
H-2 Afi H N Y E G P E T S T S L R R L 
Figure 4.3 Continued 
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7 APPENDIX 
AMINO ACID SYMBOLS AND THEIR GENETIC CODONS 
Amino acids and their symbols Codons 
A Ala Alanine GCA GCC GCG GCU 
C Cys Cysteine UGC UGU 
D Asp Aspartic add GAC GAU 
E Glu Glutamic Add GAA GAG 
F Phe Phenylalanine UUC UUU 
G Gly Glycine GGA GGC GGG GGU 
H His Histidine CAC CAU 
I He Isoleucine AUA AUC AUU 
K Lys Lysine AAA AAG 
L Leu Leucine UUA UUG CUA CUC 
M Met Methionine AUG 
N Asn Asparagine AAC AAU 
P Pro Proline CCA CCC CCG CCU 
Q Gin Glutamine CAA CAG 
R Arg Alanine AGA AGG CGA CGC 
S Ser Serine AGC AGU UCA UCC 
T Thr Threonine ACA ACC ACG ACU 
V Val Valine GUA GUC GUG GUU 
W Trp Tryptophan UGG 
Y Tyr Tyrosine UAC UAU 
